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The nutritive values of dietary proteins 
have been expressed in terms of nitrogen 
intakes necessary to maintain equilibrium 
and to develop a positive balance leading 
to growth of the tissues of the body. Some 
investigators place emphasis upon the small- 
ness of the quantity of nitrogen necessary 
to meet the physiologic needs of the body, 
especially for maintenance of nitrogen 
equilibrium. Others, however, recommend 
the feeding of relatively high protein intakes 
to develop the labile protein stores maxi- 
mally. It is argued that these stores, which 
rise and fall with the quality and quantity 
of protein, may be called upon to correct 
dietary errors or to meet the stresses and 
strains of daily living. Thus the magnitude 
of the optimum nitrogen intake for children 
and for adults is debated, a debate, how- 
ever, that may overemphasize the impor- 
tance of assigning a fixed protein intake. 

The primary purpose of a dietary protein 
is to provide a pattern of amino acids appro- 
priate for the synthesis of tissue proteins 
and for other metabolic functions. Attention 
is being given, therefore, to the amino acid 
requirements more than to nitrogen require- 
ments, and the following is a brief state- 
ment concerning ways and means of eval- 
uating this primary need. 

The data in the literature emphasize the 
importance of absorption of amino acids 
in proper ratios as well as amounts to de- 
velop maximum anabolic activity. The 
classic work of Dr. Rose and his associates 
at Illinois demonstrates that the body 
cannot synthesize this “ideal” pattern ade- 
quately, that certain “essential” amino 
acids must be supplied de novo in the diet. 
“Nonessential’”” amino acids, however, al- 
ways accompany “essential” amino acids 
in every dietary protein and it is possible 
that they also play a role when supplied 
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de novo by affecting the efficiency of utiliza- 
tion of the pattern, possibly some of them 
even becoming “essential” under conditions 
of stress or strain. Amino acids are supplied 
to the body, therefore, in fixed protein 
packages and the orderly process of diges- 
tion and absorption seems to be the most 
efficient way to present these compounds 
to the body. 

An analysis of the amino acid content of 
the diet provides basic knowledge foncern- 
ing the potential suppl y of acids from that 
diet. Enzymatic digestion provides in- 
formation concerning the availability of that 
supply to the animal. A protein of high 
nutritive value, properly digested, supplies 
essential amino acids in a pattern that is 
remarkably similar in many respects to 
that estimated from experiments involving 
the determination of amino acid require- 
ments. It is true, however, that amino acid 
requirements are influenced by a number of 
variables, many of them unknown or little 
understood. The optimum requirement for 
any one amino acid may vary with the 
level of intake of the others. The pattern of 
amino acids in wheat gluten is inadequate, 
being relatively low in several essential 
amino acids such as lysine, methionine and 
possibly threonine. The intake of these essen- 
tial amino acids can be increased above 
so-called requirements simply by increasing 
the wheat gluten intake. Increasing the in- 
take does raise the rate of anabolism to a 
maximum, which is, however, below the 
maximum associated with milk or egg pro- 
teins. Furthermore, the protein stores do 
not seem to be filled uniformly by feeding 
more of the deficient protein. These results 
may be interpreted to mean that the amino 
acid requirements can not be met by simply 
increasing the protein intake so that the 
limiting essential amino acids are present in 
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so-called adequate amounts. Consideration 
should be given also to the ratios between 
these compounds. Data have been obtained 
to demonstrate that even a reduction in 
total protein intake, if accompanied by an 
improvement in balance between amino 
acids, will increase the utilization of the 
food. 

The essentiality of an amino acid may 
vary also with the physiologic state of the 
individual, shifting during growth, gesta- 
tion, lactation, disease, etc. Over shorter or 
longer periods of time, the “ebb and flow” 
of nitrogenous constituents from one tissue 
to another may mask the dietary require- 
ments for one or more of these compounds. 
The data in the literature, however, again 
may be interpreted to mean that the pat- 
terns of amino acids which would be most 
beneficial are those which promote maxi- 
mum rate of anabolism, patterns which are 
approached in proteins of high nutritive 
value. 

If this emphasis, placed upon pattern as 
well as upon absolute requirement, has 
merit, then an attempt should be made te 
formulate “ideal” protein reference patterns 
with which dietary proteins could be com- 
pared to detect amino acid deficiencies. 
Such ideal reference proteins are being 
formulated from results of experiments 
where amino acid requirements have been 
determined under various physiologic condi- 
tions. The present data suggest that these 
reference proteins would be nearly like the 
composition of human milk or egg protein. 
Possibly the leucine content may be too 
high in the natural dietary proteins, pos- 
sibly other differences will be developed, 
but the data do suggest that the “ideal” 
protein has, within experimental error, a 
balance between amino acids that reflects 
the structure of proteins of high nutritive 
value. 

Evaluation of dietary proteins by using 
various types of calculations to express de- 
ficiencies in limiting essential amino acids 
and even in pattern is not new and has been 
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presented with some success by a number 
of workers, milk or egg proteins usually 
being used for reference. It is suggested, 
therefore, that this concept be extended to 
use what might be called “artificial” refer- 
ence proteins derived from measurements of 
amino acid requirements. An analysis of 
the amino acid composition of any diet 
could be compared to the reference pattern 
to detect deficiencies, and enzymatic diges- 
tion could be used to detect the “availability 
pattern.” Such a reference would usually 
reveal multiple rather than single deficiencies 
in amino acids, deficiencies that could be 
corrected in whole or in part by mutual 
supplementation with various dietary pro- 
teins. However, the ability of the body to 
adapt to the utilization of a protein of poor 
pattern and even to correct it through the 
use of labile protein stores should not be 
underestimated. Some immediate response, 
possibly favorable, to increased nitrogen in- 
take of a poorly balanced pattern could be 
expected. Furthermore, relatively small 
variations in pattern from the so-called 
ideal need not be a matter for concern, 
especially in the adult. The ultimate goal, 
if this reasoning is correct, would be to 
correct deficiencies through improving the 
balance rather than simply to increase 
intake. 

Indeed, to try to correct limiting essential 
amino acids through increasing the intake, 
particularly in children who are being fed 
a diet low in quality and quantity of pro- 
tein, would develop a marked imbalance 
not only between amino acids but also 
between caloric and nitrogen intakes. A 
proper balance between calories and protein 
is of great importance; in fact, an optimum 
energy requirement may exist for each 
protein intake. In general, if the protein 
intake is restricted the energy requirements 
are reduced. However, even an animal fed 
a protein-free diet will benefit from a limited 
caloric intake, one sufficient to conserve 
body protein, but not large enough to de- 
velop a fatty liver or deposition of an ab- 
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normal amount of body fat. The goal of 
protein nutrition then should be supple- 
mentation of the diet to produce a proper 
balance of amino acids, the intake of both 
nitrogen and calories being adjusted to 
produce an optimum development of lean 
body mass. The search, therefore, is not for 
foods to supply more protein in the diet but 
for a group of protein sources that combined 
will provide amino acids in proper amounts 


and ratios. Further researches are needed 
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to establish more adequately the “ideal” 
reference protein and to test its usefulness 
for the determination of amino acid de- 
ficiencies under various physiologic condi- 
tions. 

JAMES B. ALLISON 

Department of Physiology and 

Biochemistry 
Rutgers University 
New Brunswick, New Jersey 


DISEASES OF THE LIVER IN CHILDHOOD 


Although the medical literature contains 
numerous case reports and descriptions of 
specific aspects of liver disease in children, 
few authors have attempted to define the 
scope and character of the general problem 
of diseases of the liver which occur during 
childhood. Of interest, therefore, are two 
papers by D. Y.-Y. Hsia and S. 8S. Gellis 
(Am. J. Dis. Child. 90, 290 (1955)), and 
J. M. Craig, Gellis, and Hsia (Ibid. 90, 
299 (1955)), which report all cases of portal 
hypertension and cirrhosis of the liver 
observed at the Boston Children’s Medical 
Center during the thirty-year period from 
1924 to 1953. 

During this period, 98 cases of cirrhosis 
of the liver were seen. Of these, 30 cases 
were associated with hepatitis, 61 cases 
were due to obstructive lesions (biliary 
atresia being present in 49, fibrocystic dis- 
ease of the pancreas in 7, and other extra- 
hepatic biliary obstructions in 5 cases), 
and 7 cases were due to miscellaneous causes 
including glycogen storage disease, galacto- 
semia, hemosiderosis, cholangitis, and 
chronic cardiac congestive failure. The 
authors review these cases in considerable 
detail, and offer an etiologic classification 
of the various kinds of cirrhosis of the liver 
which have occurred in infants and children 
in the Boston area. In their experience, 
liver disease secondary to nutritional de- 





ficiency is rare, in contrast to the much 
discussed nutritional cirrhosis of Hindu, 
African and West Indian children. An 
extensive bibliography is appended, which 
may be useful to workers with special 
interest in diseases of the liver. 

A total of 43 cases of portal hypertension, 
manifested by enlargement of the spleen 
and dilatation of collateral venous channels, 
has been studied. Of these, 21 cases seemed 
to be due to extrahepatic obstructions, and 
the histories of these patients were char- 
acterized by umbilical cord infections and 
sepsis during early infancy, early onset of 
gastrointestinal bleeding and splenic en- 
largement, absence of clinical jaundice, and 
anemia. In the remaining 22 cases, portal 
hypertension was secondary to cirrhosis of 
the liver, and hepatitis appeared to be the 
most frequent cause of the cirrhosis. On the 
basis of their experience with these 43 pa- 
tients, the authors consider that the treat- 
ment of choice for all patients with portal 
hypertension is surgical shunting of blood 
away from the portal venous system into 
the systemic venous system, to reduce 
portal venous pressure. 

These workers conclude that cirrhosis of 
the liver in infants and children appears 
to differ considerably from that seen in 


adults. Aleoholism and nutritional defi- 
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ciencies do not play a major causative role, 
at least in the United States, but hepatitis, 
probably of the viral type, accounts for 
about one third of the cases of hepatic 
cirrhosis, and for many of the cases of sec- 
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ondary portal hypertension. They therefore 
emphasize the importance of recognizing 
mild cases of hepatitis without jaundice, 
and also of careful follow-up of known cases 
after signs and symptoms have disappeared. 


THE EFFECT OF EXERCISE ON THE SERUM LIPIDS 


The relationship of diet to serum levels 
of lipoproteins and cholesterol has been the 
topic of extensive investigations in recent 
years. This relationship can studied 
experimentally with appropriate dietary 
changes or by comparison of homogeneous 
groups with marked differences in dietary 
intake. G. V. Mann, J. A. Mufioz, and 
N.S. Serimshaw (Am. J. Med. 19, 25 (1955)) 
utilized the latter method and examined 
the serum lipoproteins and cholesterol con- 
centrations of a group of rural Guatemalans 
(group A), a group of Guatemalans of the 
business and professional class (group B), 
and a group of United States business and 
professional men and women (group C). 
Detailed dietary surveys were made; families 
were visited daily and food portions were 
weighed. 

The diet of the first group, the Mayan 
Indians, differed greatly from the other two 
groups. The total caloric intake was less, 
and the proportion of calories derived from 
fat was 8 per cent, as compared to 36 per 
cent and 40 per cent in the other two 
groups. 

Serum lipoprotein levels of age- and sex- 
matched members of each group were quite 
similar. There was a distinct difference in 
the serum cholesterol concentration, how- 
ever; group A had a significantly lower 
serum cholesterol in each age group of 
either sex. The cholesterol levels of the 
rural Guatemalans would permit an accurate 
discrimination between the subjects using 
this characteristic alone. 

An analysis of the relative body weights 

observed weight 
( ideal weight 


be 


4 100 revealed that 


the relative weights of group A were lower 
than those of the other two groups. There 
was also a suggestion in the age-specific 
weights that groups B and C were slowly 
gaining weight, whereas the relative weight 
decreased with age in group A. This sug- 
gested a possible association of the serum 
lipid levels with the process of “becoming 
fat” rather than obesity per se. 

It was also noted that the dietary intakes 
of the rural Guatemalans exceeded National 
Research Council allowances for persons of 
this weight and environment by 10 per cent, 
although the members of the group were at 
least 15 per cent leaner than corresponding 
members of groups B and C. This difference 
implied larger caloric expenditures in group 
A, which seemed probable from inspection 
of their activities. 

This correlation of low serum cholesterol 
with evidence of increased activity prompted 
subsequent studies of the role of exercise 
in the disposition of dietary calories (G. V. 
Mann and co-workers, New Engl. J. Med. 
253, 349 (1955)). It had previously been 
shown (W. J. Walker et al., Am. J. Med. 
14, 654 (1953); Nutrition Reviews 12, 325 
(1954)) that a period of weight loss resulted 
in a reduction of elevated levels of cholesterol 
and lipoproteins and that a period of rapid 
weight gain on a low fat diet led to an in- 
crease in both serum lipid components. 
The experience of N.S. Moore, C. M. Young, 
and L. A. Maynard (Am. J. Med. 17, 348 
(1954)), which failed to demonstrate reduc- 
tion of the serum cholesterol with weight 
loss, may be related to the fact that the 
subjects studied had initially low serum 
cholesterol levels. In the present study, 
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4 normal subjects were observed. After a 
control period, the caloric intake was 
doubled but the fat intake was kept con- 
stant. During this first experimental period 
of four weeks, the subjects were required 
to maintain their body weight by physical 
exercise. This high caloric diet (about 6000 
calories per day) was not associated with 
any significant changes in serum lipid 
constituents. It was of incidental interest 
that it was necessary for the subjects to 
force this diet for the first five days, but 
when the conditioning became effective, the 
diet no longer seemed excessive. 

In the second experimental period, the 
high caloric intake was continued, but the 
energy expenditure was reduced to normal, 
permitting the deposition of fat. Two of the 
3 men who completed this period demon- 
strated significant’ increases of serum levels 
of cholesterol, phospholipids and _ lipopro- 
teins. The third subject, who was the most 
muscular, showed the least weight gain 
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during this period and also demonstrated 
no change in serum lipid levels. 

These important observations suggest 
that diversion of excessive food calories to 
mechanical energy may prevent a rise in 
serum lipid levels. They also indicate that 
serum lipid levels are related to caloric 
balance and that the process of becoming 
fat may result in increased levels of the 
serum lipids even though fat ingestion is 
unchanged. 

The authors speculate that these experi- 
ments reproduce in miniature the metabolic 
pattern of the American male. During 
young adulthood, high caloric intake is asso- 
ciated with the high caloric requirements of 
muscular activity. With increasing age, the 
muscular development and activity de- 
crease, but the caloric intake does not 
correspondingly decrease. The resulting in- 
crease in serum lipids may then provide 
one requisite for the development of athero- 
sclerosis. 


RICKETS DUE TO DECREASED ALKALINE PHOSPHATASE ACTIVITY 


Advancing knowledge of human nutri- 
tion, commercial promotion, and _ public 
acceptance of the importance of vitamin D 
as an essential growth factor have greatly 
reduced the incidence of rickets due to 
vitamin D deficiency in most parts of this 
country. Consequently, increasing medical 
interest has been focused on the compara- 
tively rare cases of clinical rickets which 
cannot be ascribed to nutritional deficiency 
of vitamin D. Studies of such patients have 
helped to clarify the roles of the gastro- 
intestinal tract, liver, kidneys, thyroid and 
parathyroid glands in the metabolism of 
bone. 

Additional knowledge concerning the 
metabolism of calcium and phosphorus may 
be forthcoming from studies of a recently 
recognized group of patients manifesting 
clinical evidence of rickets associated with 
diminished alkaline phosphatase activity. 





Since the original description of this disease, 
termed “hypophosphatasia” by J. C. Rath- 
bun (Am. J. Dis. Child. 75, 822 (1948)), 
numerous case reports have appeared in 
the medical literature (see also Nutrition 
Reviews 14, 127 (1956)). A critical review 
of this literature has been presented recently 
by J. T. Lanman (J. Pediat. 47, 509 (1955)), 
who suggests that definitive studies of pa- 
tients with hypophosphatasia may elucidate 
the mechanism by which alkaline phospha- 
tase produces calcification. 
Hypophosphatasia may occur at any age, 
classic findings of rachitic lesions of bone 
and diminished alkaline phosphatase activ- 
ity having been reported in infants, children 
and adults of both sexes. A genetic factor 
may be involved, since some relatives of 
individuals with recognized cases have the 
disease, and others show subnormal levels 
of alkaline phosphatase activity without 
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bone lesions. Premature loss of teeth, pre- 
mature closure of cranial sutures (cranio- 
stenosis) leading to a small skull and blind- 
ness, rachitic deformities and dwarfing are 
common. 

Laboratory findings have not been strik- 
ingly abnormal except for uniformly dimin- 
ished serum alkaline phosphatase activity. 
Serum calcium and phosphorus levels have 
been elevated in some but not all cases. 
Severe renal lesions have not been found, 
although depression of renal function sec- 
ondary to hypercalcemia is generally re- 
garded as a hazard of the disease. To date, 
no abnormality of physiologic systems other 
than bone has been recognized, even though 
alkaline phosphatase is believed to partici- 
pate in the transport of glucose across 
intestinal or renal tubular epithelium, the 
concentration of phosphorus in milk, and 
in protein synthesis. However, the number 
of observations concerning these extra- 
osseous systems remains small, and further 
studies of carbohydrate and protein metab- 
olism in these patients are needed. 

Identification of an abnormal phosphate 
monoester in the urine of patients with 
hypophosphatasia may aid in the elucida- 
tion of the mechanism of action of alkaline 
phosphatase. Paper partition chromatog- 
raphy of the urinary amino acids from these 
patients has demonstrated the presence of 
phosphoethanolamine, which is not present 
in urine from normal control subjects. 
Structurally related to cephalin, phos- 
phoserine and ethanolamine, phosphoeth- 
anolamine may be an important participant 
in the poorly understood metabolic process 
by which alkaline phosphatase produces 
precipitation of bone salt, serving either as 
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the natural substrate or representing a 
degradation product of the natural sub- 
strate for alkaline phosphatase activity in 
bone (see Nutrition Reviews, loc. cit.). 

Therapeutic trials of ascorbic acid and 
vitamin D, thyroid extract, testosterone, 
growth hormone, thiamine and para-(diiso- 
propylsulfamyl)-benzoic acid have all been 
unsuccessful, and no effective therapeutic 
agent has been found. While under treat- 
ment with testosterone, Rathbun’s infant 
patient died unexpectedly during a convul- 
sive seizure, and Lanman feels that testos- 
terone is contraindicated because it causes 
reduction in kidney alkaline phosphatase 
activity in experimental animals. 

The presence of hypophosphatasia in 
adults suggests that either prolonged sur- 
vival with the disease or its late onset can 
occur. Some infants have died with the 
disease, but E. H. Sobel, L. C. Clark, P. Fox, 
and M. Robinow (Pediatrics 11, 309 (1953) 
reported that their infant patient was able 
to grow at a normal rate despite progressive 
rachitic deformities. 

Postmortem examinations have demon- 
strated diminished alkaline phosphatase 
activity in all tissues and bone lesions which 
are pathologically indistinguishable from 
those of rickets due to deficiency of 
vitamin D. 

Identification and thorough laboratory 
study of more patients with this not un- 
common syndrome, namely reduced alkaline 
phosphatase activity and rickets which is 
resistant to the usual forms of therapy, will 
help to elarify the role of alkaline phospha- 
tase in the metabolism of bone, and also 
its function in other organs and tissues of 
the body. 


INSULIN ZINC SUSPENSIONS 


In spite of the variety of insulins now 
available, there has been a continuing 


search for improved forms of this hormone. 
Desirable 


attributes of these would be 





longer duration of action without major 
changes in intensity of action and no con- 
tamination with foreign protein. These 
characteristics have been approached with 
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the insulin zine suspensions which have 
recently become available. 

It had been known from work conducted 
by Scott twenty years ago that various 
metals, zinc among them, were important 
for the formation of insulin crystals. Soon 
after that it was found that small quantities 
of zine would prolong the action of prota- 
mine insulin but had no effect on the dura- 
tion of soluble insulin. This led to the 
establishment of protamine zine insulin, 
and subsequent attempts at improvement 
of the insulins were based on substitutions 
of the protamine moiety. 

However, a study of the solubility of zinc 
insulins in the presence of various anions 
at pH 7.4 led to the discovery of a series of 
new insulins. It was found (K. Hallas- 
Moller, K. Petersen, and J. Schlichtkrull, 
Science 116, 394 (1952)) that insulin in 
the presence of small amounts of zinc 
(1 mg. per 1000 units) was less soluble than 
corresponding amounts of protamine zinc 
insulin, providing phosphate and citrate 
were not. present. These differences had 
not previously been appreciated because 
the solubility studies had been carried out 
using these buffers. When acetate buffer 
was utilized, it was then possible to prepare 
suspensions of zinc insulins of varying size 
and different duration of action. Three 
preparations have been made available, an 
amorphous insulin zine suspension with a 
prolonged duration of action, a crystalline 
insulin zine suspension with a relatively 
short duration of action, and a 3:7 mixture 
of the first and second, respectively. This 
last insulin is the one which has been studied 
clinically and has been called lente insulin. 

R. D. Lawrence and W. Oakley (Brit. 
Med. J. 1, 242 (1953)) reported tests on 
this insulin in 11 adult diabetic subjects. 
The small number of patients was, in part, 
accounted for by their rigid selection of 
patients. At that time, they outlined four 
conditions which were necessary in order 
to evaluate a new insulin: (1) Diabetes 
should have been present for a considerable 
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period of time because of the variability of 
insulin requirements in the newly diabetic 
individual. (2) The diabetes should be of the 
severe type which relapses promptly when 
insulin is stopped. (3) There must be no 
intercurrent complicating diseases. (4) The 
patient must be hospitalized long enough 
for good control on one type of insulin to 
be compared with the control achieved by 
the experimental insulin. 

These criteria were observed and lente 
insulin was appraised as regards relative 
dosages, duration and intensity of action. 
Most of the patients had been receiving 
mixtures of soluble insulin and protamine 
zine insulin. They were switched to lente 
insulin in equal dosages. In all cases, lente 
insulin produced fasting blood sugars of the 
same order as those found with the other 
insulins. At noon the control was as good. 
However, the 6 p.m. blood sugars tended 
to be a little higher with lente insulin, 
whereas the 9 p.m. blood sugars were 
slightly lower. The reproducibility of its 
effects was excellent. Hypoglycemia was 
seen twice and was not severe. 

F. B. Peck, W. R. Kirtley, R. W. Dyke, 
and C. E. Ernst (Diabetes 3, 261 (1954)) 
studied lente insulin with alternating treat- 
ment periods, comparing it to NPH insulin 
(Neutral Protamine Hagedorn; modified 
protamine insulin). They also performed 
acute experiments to determine the onset 
and peak of action and duration. The blood 
sugar control curves for NPH and lente 
insulin were almost identical. 

Lente insulin was then employed routinely 
in 60 diabetic subjects. NPH insulin was 
replaced, unit for unit, by lente insulin. 
There were no essential differences in 
response or control noted. An occasional 
patient complained of recurrence of late eve- 
ning or early morning hypoglycemic symp- 
toms, suggesting that the hypoglycemic 
effect was prolonged when compared to 
NPH insulin. 

Although there were no significant differ- 
ences, these authors felt that lente insulin 
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was a worthwhile addition to the group of 
clinically useful insulins. Its time action 
conforms to the pattern generally regarded 
as most efficient. It contains no foreign 
proteins, which should lessen the influence 
of allergic reactions, and the hypoglycemic 
reactions observed were mild. 

Subsequent to these studies, extensive 
clinical evaluations of lente insulin were 
made by two groups of British workers. 
J. M. Stowers and J. D. N. Nabarro (Brit. 
Med. J. 1, 68 (1955)) used lente insulin 
in the routine management of 240 diabetic 
subjects; 205 of these patients were selected 
because their previous regimens had been 
unsatisfactory. Of the patients transferred 
because their previous regimen had involved 
multiple injections, 81 per cent were satis- 
factorily controlled with lente insulin. Of 
those had hyperglycemia, diabetic 
symptoms, or frequent episodes of hypo- 
glycemia, 80 per cent were well controlled 
with lente insulin. When a shift was made 
from protamine zine insulin, the patients 
required about 20 per cent 
insulin. 


who 


more lente 


The carbohydrate content of the diet was 
adjusted to allow for a mid-morning and 
mid-afternoon snack. Lente insulin was 


given forty-five minutes to one hour before 
breakfast. The maximum hypoglycemic 
action is in the mid-afternoon, a time which 
may be inconvenient to some people. 

One danger of lente insulin, which had 
not been seen previously, was emphasized 
by these authors. If control with lente 
insulin is poor, as a result of transferring 
the patient or of intercurrent infection, the 
dose of lente insulin needs to be increased 
in at least 20 per cent increments in order 
to regain control rapidly. 

A similar study was reported by K. J. 
Gurling and co-workers (Brit. Med. J. 1, 
71 (1955)), who observed over 400 diabetic 
subjects receiving lente insulin. Treatment 
with lente insulin was unsuccessful in less 
than 10 per cent of the patients. The dosage 
was generally about 10 per cent higher than 
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that necessary with the mixtures of pro- 
tamine zine insulin and soluble insulin. 

The most common reason for failure with 
lente insulin was poor control, although 
this was after subjective and objective com- 
parison in most instances showed no change 
in the degree of control. These workers also 
commented that no patient needed to be 
admitted to the hospital because of ketosis 
while on lente insulin, and that increasing 
the dose of lente insulin never failed to cor- 
rect a loss of control due to infection. 

When Gurling et al. assessed the effects 
of lente insulin in children, they found it 
improved control in 50 per cent and 
noted no change in others. Hypo- 
glycemic reactions were encountered in 19 
of the 45 children, with the greatest incidence 
before lunch. 

No severe local reactions were seen in the 


the 


entire series and no instance of allergic 
reaction was reported. 

Currently R. E. Slayton, R. E. Burrows, 
and A. Marble (New Engl. J. Med. 253, 
722 (1955)) have summarized their experi- 
ences with lente insulin at a camp for 
diabetic patients. They compared lente in- 
sulin with NPH insulin during alternate 
three-day periods. No important difference 
in duration and intensity of action of these 
two insulins apparent. No allergic 
reactions were encountered. They found 
that soluble insulin could be added in the 
same syringe and that the effect was no 
different from that observed when the two 
insulins were given in separate syringes. 
This interest 
pointed out that soluble insulin cannot be 
added to the bottle of lente insulin, as the 
relatively poor buffering capacity of the 
lente insulin will not prevent pH changes 
leading to major alterations in crystal size 
and duration of action. 

From the above reports it is apparent 
that lente insulin is a valuable insulin for 
clinical use. It corresponds to NPH insulin 
in intensity and duration of action. Only 
one report suggested prolonged hypogly- 
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cemic action, and this was not noted by 
other observers. The incidence of allergic 
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reactions is low and should remain low as 
lente insulin is used more extensively. 


PERMEABILITY OF THE INTESTINAL TRACT TO UNALTERED PROTEINS 
AFTER INFANTILE DIARRHEA 


The therapy of diarrhea in infancy re- 
mains controversial among pediatricians. 
D. C. Darrow et al. (Pediatrics 3, 129 (1949)) 
emphasized the importance of permitting 
the intestinal tract to rest for at least 
twenty-four to thirty-six hours, during 
which time water and electrolyte balance 
are repaired by parenteral routes. This 
group believes that the large losses of water 
and electrolytes which accompany the 
copious feces of diarrheic infants who con- 
tinue to receive oral feedings of milk for- 
mulas can contribute significantly to the 
progressive dehydration of such infants. In 
contrast, A. W. Chung and L. E. Holt 
(Ibid. 5, 421 (1950)) recommended early 
resumption of oral feeding of milk formulas, 
not as a substitute for but as a supplement 
to needed parenteral fluid therapy, because 
they believe that true relapse in diarrheal 
states is usually due to the vagaries of the 
disease, and is unrelated to the oral food 
load. 

Pursuing an investigative pathway un- 
related to the question of the effect on fluid 
balance of early feeding of milk formulas, 
F. L. Gruskay and R. E. Cooke (Pediatrics 
16, 763 (1955)) have presented evidence 
which suggests that caution should be 
observed in the reintroduction of oral feed- 
ings to infants convalescent from diarrhea, 
because of the possible sensitizing effect 
of such feedings. 

After a period of parenteral fluid therapy 
had been completed but before oral feedings 
had been resumed, these workers studied 
21 infants, ranging in age from 1 to 13 
months, who were recovering from moder- 
ately severe diarrhea. Control studies were 
performed on 19 afebrile infants, 5 days to 
19 months of age, who were convalescing 


from diseases unrelated to the gastro- 
intestinal tract. None of the patients in 
either group had a history of previous 
ingestion of egg. 

To each of these subjects, 1.0 g. of crystal- 
line egg albumin per kilogram of body weight 
was given, as a 10 per cent solution by 
gavage (stomach tube), after four to eight 
hours of fasting. The authors note that none 
of the gavaged material was vomited by 
any subject. Venous blood was withdrawn 
prior to and one and two hours after admin- 
istration of the egg albumin load. The 
amount of circulating whole protein was 
determined by a quantitative precipitin 
reaction between the egg albumin contained 
in the venous blood samples and its specific 
antibody in rabbit serum. The principles of 
this precipitin reaction, and the well-con- 
trolled technic employed, are fully de- 
scribed in the authors’ paper. The method is 
useful for detecting concentrations of egg 
albumin ranging between 0.5 and 50.0 mi- 
crograms per milliliter, with a variation 
between duplicates of less than 5 per cent. 
Because hematocrits measured on all blood 
samples showed no significant difference 
between the two groups, the comparative 
values of the precipitin test were not grossly 
affected by hemoconcentration. 

No egg albumin was detected in the 
serum of any of the subjects before gavage 
of the egg albumin. One and two hours after 
gavage, egg albumin was demonstrated 
quantitatively in the serums of all the 
control subjects, the mean concentration 
being 4.26 micrograms per milliliter (stand- 
ard error +1.41; range 0.45 to 7.3). For the 
21 infants recovering from diarrhea, the 
mean concentration was 22.84 micrograms 
per milliliter (standard error +7.56; range 
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4.0 to 53.0); 20 of the 21 cases had values 
greater than the maximum of the control 
series (7.3 micrograms per milliliter). The 
observed difference between the serum con- 
centrations of the control group and the 
experimental group was statistically sig- 
nificant (p < 0.001). 

Eight of the infants convalescent from 
diarrhea were studied again one to two 
weeks later, immediately prior to discharge 
from the hospital, and while being main- 
tained on full caloric feedings. Seven of the 
8 infants showed a significant reduction in 
the concentration of circulating egg albumin 
as compared to the values obtained in their 
previous egg albumin loading tests, and in 3 
these concentrations were within the normal 
range. 

Because the control subjects were infants 
convalescent from systemic, nongastro- 
intestinal diseases, the authors believe that 
alterations in the rate of destruction or 
excretion of protein due to illness per se 
cannot be considered as likely explanations 
of the observed difference in blood levels of 
unaltered egg albumin. They suggest that 
the slight permeability of the gastrointestinal 
tract to whole protein, which is normally 
present (in this study 0.02 per cent of the 
ingested dose), is markedly increased during 
diarrhea in children (to 0.10 per cent of the 
ingested dose). 

Since the introduction of foreign protein 
into the vascular compartment usually leads 
to sensitization, and because the quantity 
of antigen entering the body at one time 
may be an important factor in the mech- 
anism of sensitization, Gruskay and Cooke 


conclude that the infant with diarrhea may 
be more susceptible to sensitization because 
of increased gastrointestinal permeability. 
They therefore favor the feeding of milk 
mixtures which do not contain whole pro- 
tein (hydrolyzed casein-amigen prepara- 
tions) during the recovery period, and look 
with disfavor on the feeding of cow’s milk 
during or immediately after an episode of 
diarrhea. 

The authors emphasize the need for 
further studies. Still unanswered is the 
question of whether proteins of larger molec- 
ular size than egg albumin, e.g., casein 
and lactalbumin, are similarly permeable in 
the gastrointestinal tract of the infant with 
diarrhea. The metabolic fate of proteins 
entering the vascular compartment in an 
unaltered state is unknown. Perhaps the 
methods of isotopic measurement of protein 
absorption described by P. 8S. Lavik et al. 
(see Nutrition Reviews 11, 136 (1953)) could 
be adapted for studies designed to answer 
these questions. Long-term studies of infants 
who have experienced numerous bouts of 
diarrhea will doubtless be forthcoming. 

This paper provides a new approach to 
the problem of dietary constituents as 
allergens (Nutrition Reviews 7, 66 (1949)) 
and suggests an explanation for the occur- 
rence of cow’s milk allergies in infants and 
children (Ibid. 8, 208 (1950)). The immu- 
nologic technics described by Gruskay and 
Cooke may be applicable to studies of other 
clinical syndromes known to be associated 
with gastrointestinal malabsorptive diffi- 
culties. 


SQUALENE AND CHOLESTEROL SYNTHESIS IN THE HUMAN SKIN 


The role of squalene, a dihydrotriterpene, 
as an important precursor in the biosyn- 
thesis of cholesterol has been emphasized 
by the studies of R. G. Langdon and 
K. Bloch (J. Biol. Chem. 200, 129, 135 
(1958)). Following this lead N. Nicolaides, 


O. K. Reiss, and Langdon (J. Am. Chem. 
Soc. 77, 1535 (1955)) demonstrated that 
the skin of the human scalp is an efficient 
tissue for synthesizing fatty acids, squalene 
and sterols including cholesterol from C™ 
acetate in vitro. Squalene isolated from the 
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scalp lipid was found to have a specific 
activity about ten times higher than the 
sterols, an important finding which is com- 
patible with the position of squalene as 
cholesterol precursor. In a more recent 
study Nicolaides and 8. Rothman (J. Jn- 
vest. Dermat. 24, 125 (1955)) have extended 
this study of human skin as an important 
site of cholesterol synthesis. 

Utilizing skin obtained from an arm 
immediately after amputation, these in- 
vestigators studied the epidermis and the 


deeper skin layer, the corium, separately. 


They incubated samples of these two skin 
layers from various parts of the arm and 
hand for seven hours at 37°C. in Krebs- 
Ringer phosphate buffer solution, pH 7.4, 
with glucose and 50 micromoles of 1-C* 
acetate. Extraction and separation of the 
various lipid fractions from the skin samples 
revealed that most of the sterols were in the 
epidermis. On the other hand, significant 
quantities of squalene were found only in 
the corium, the parts of the skin containing 
the sebaceous glands. Only the squalene in 
this deeper portion of the skin showed a 
high specific activity, suggesting that most 
of the squalene was produced in the seba- 
ceous glands. 

Although the data from this study are 
not yet fully reported, the authors indicate 
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that the epidermis also may be independ- 
ently important in lipid synthesis. They 
state the epidermis lipids incorporated about 
ten times the quantity of isotope as com- 
pared to the more deeply situated corium. 
Although these studies leave many ques- 
tions still to be answered, they underscore 
the importance of the skin in lipid metab- 
olism and suggest that this easily accessible 
portion of the human body may provide a 
new source of knowledge concerning the 
factors affecting cholesterol synthesis. A 
comparison of the metabolism of cholesterol 
in skin with that in liver and arteries may 
provide a new portal through which to 
detect generalized abnormalities in lipid 
metabolism. Previously published data (N. 
Nicolaides and 8. Rothman, J. Invest. 
Dermat. 19, 389 (1952); 21, 9 (1953)) indi- 
cate that there may be important age, sex 
and race differences in the absolute and 
relative proportions of the various lipids 
extractable from human hair. Some of the 
most marked of these lipid variations occur 
in the concentrations of squalene and choles- 
terol. Further study may yield information 
about skin cholesterol synthesis which may 
prove valuable in understanding over-all 
cholesterol metabolism and _ the 

controlling it in health and disease. 


factors 


RENAL CLEARANCE OF AMINO ACIDS IN MAN 


The urinary amino acid excretion of nor- 
mal individuals and of patients with various 
disease states has been extensively investi- 
gated (see Nutrition Reviews 6, 6 (1948); 
7, 68 (1949)). Less study has been given to 
the renal clearance of these important nu- 
trients, partly because of the immense 
amount of work this would require. How- 
ever, P. D. Doolan, H. A. Harper, M. E. 
Hutchin, and W. W. Shreeve (J. Clin. 
Invest. 34, 1247 (1955)) have undertaken 
such a study in 3 normal individuals before 
and during the injection of a mixture of 


amino acids. Presumably the mixture was 
derived from a protein hydrolysate, from 
which the dicarboxylic amino acids had 
been removed and to which glycine and 
L-tryptophan had been added, as it is stated 
that the solution was the same as that used 
by other investigators which had been pre- 
pared in this way (Nutrition Reviews 7, 
68 (1949)). 

The studies were done while the subjects 
were fasting and during constant infusion 
after a priming dose of the amino acids. 
The blood and urine amino acid concentra- 
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tions were measured by microbiologic assay 
and the blood levels were found to remain 
“reasonably constant.’”? Some increase in 
glomerular filtration occurred during the 
period of study, but the exact cause could 
not be defined. 

During the fast, the tubular reabsorption 
of amino acids was high. During infusion 
there was an increased excretion over the 
fasting level of all the amino acids studied 
(18 amino acids were analyzed, excluding 
glutamic and aspartic acids). However, the 
increased excretion was far less than the 
increased glomerular filtration of these 
acids, indicating that tubular reabsorption 
was much greater during loading, so that 
less than 4 per cent of the administered 
amino acids was excreted. The small 
amounts of glutamine, tyrosine and trypto- 
phan in the glomerular filtrate during the 
load period made interpretation of increases 
in their excretion difficult. Wide variations 
in renal clearance of these amino acids were 
found, but they are, as the authors point 
out, chemical individuals, often differing 
widely in composition one from another so 
that it is not surprising that they are 
handled differently by the kidney. 


Some evidence of competition for renal 
clearance between amino acids was observed 
in the case of cystine, but the study was so 
set up that other competition for tubular 
reabsorption could not be determined. Such 
a reabsorptive competition does exist in 
certain animals and presumably it also 
exists in man (R. F. Pitts, Am. J. Physiol. 
140, 156, 535 (1943-1944); A. G. Eaton, 
F. P. Ferguson, and F. T. Byer, Jbid. 146, 
491 (1946); K. H. Beyer et al., Ibid. 146, 
$30 (1946); 151, 202 (1947). 

Certain similarities in the renal excretion 
and clearance of amino acids become more 
apparent. In normal urine one finds rela- 
tively high concentrations of histidine, 
threonine and glycine and this also holds 
true after the intravenous infusion of amino 
acids containing these substances. Serine 
might also be included in this group. Many 
of the other amino acids, however, were ex- 
creted in relatively small quantities even 
though plasma levels became high. Just 
what differences there might be were the 
composition of the amino acid mixture to 
be changed greatly will require further 
study. 


INTESTINAL SYNTHESIS OF RIBOFLAVIN 


G. J. Mannering, M. A. Lipton, and C. A. 
Elvehjem (Proc. Soc. Exp. Biol. Med. 46, 
100 (1941)) demonstrated that the addition 
of fat to a riboflavin-deficient diet for rats 
greatly increased the severity of the de- 
ficiency and increased the riboflavin §re- 
quirements. The studies were extended by 
Mannering, D. Orsini, and Elvehjem (J. 
Nutrition 28, 141 (1944)), and the fecal 
éxcretion of riboflavin was observed. Using 
various carbohydrates in the diet, with and 
without lard at rather high levels, they 
found great differences in fecal riboflavin. 
Growth of the animals was more or less 
proportional to the amount of fecal ribo- 
flavin and was greatest upon a low fat diet 


containing dextrin as the carbohydrate. It 
appeared that high fat diets inhibited ribo- 
flavin formation in the intestine and that at 
least some of the riboflavin so formed was 
available ‘to the animal. 

The significance of these findings for hu- 
man nutrition has not been seriously ex- 
plored. However, a recent paper by S&S. 
linuma (J. Vitaminology (Japan) 1, No. 2, 
6 (1955)) indicates somewhat similar results 
in man. The study was done with one human 
subject over a six-week period. During the 
first week and for a week between each 
experimental diet the subject consumed an 
“ordinary” diet. This was calculated to con- 
tain 70 g. of protein, 63 g. of fat, 1730 
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calories and about 0.6 mg. of riboflavin. 
On alternate experimental weeks the subject 
consumed either a vegetable diet or a meat 
diet. The first vegetable diet contained 
about 53 g. of fat and 0.8 mg. of riboflavin 
while the second vegetable diet contained 
about 25 g. of fat and 0.9 mg. of riboflavin. 
The total protein and calories were about 
the same as in the ordinary diet. The 
“meat” diet contained 330 g. of meat and 
supplied approximately 89 g. of protein, 
101 g. of fat, 0.6 mg. of riboflavin and 1700 
calories. These values were all derived from 
food tables rather than by analysis and may 
accordingly be subject to considerable error. 
Over the entire period of the study the 
feces and urine were collected and both were 
analyzed for riboflavin (free and ester) by 
the lumiflavin method of A. Fujita (Vita- 
mins (Japan) 2, 254 (1950)) and Fujita 
and K. Matsuura (Jbid. 3, 141 (1950)). 

The fecal riboflavin output on the ordinary 
diet was approximately 0.5 mg. per day. 
When either of the vegetable diets was fed, 
fecal riboflavin increased markedly until 
about 2.5 mg. were excreted per day by the 
end of the experimental week. The total 
urinary riboflavin, which ranged from 0.12 
to 0.14 mg. per day on the ordinary diet, 
showed a small rise of 0.16 to 0.18 mg. per 
day. Whether the latter rise was the conse- 
quence of the somewhat greater intake of 
riboflavin on the vegetable diet, or was a 
reflection of the large intestinal synthesis 
is not clear. 

When the subject returned to the ordinary 
diet, the fecal excretion of riboflavin fell 
abruptly to about 1.0 mg. per day and then 
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gradually declined to about the usual level 
of 0.5 mg. per day. The meat diet caused no 
change in the fecal excretion, although the 
urinary excretion rose quite markedly to 
about 0.5 mg. per day. The latter declined 
considerably when the subject returned to 
his usual diet, but not to the pre-experi- 
mental level. Thus, the significance of the 
urinary values in the latter weeks when the 
second vegetable diet was fed are not clear, 
although a great increase in fecal excretion 
was again noted. 

The data thus demonstrate a large syn- 
thesis of riboflavin in the intestinal tract. 
Whether this is available to the individual 
or to what degree is not clear. Since the 
riboflavin in the urine increased upon the 
meat diet although the riboflavin intake 
was apparently not increased, the data 
suggest a considerable difference in the avail- 
ability of the riboflavin in the meat diet as 
compared to the ordinary or vegetable diets. 
It is unfortunate that calculated rather than 
actual intake values were used. 

It is not at all clear from these studies 
that the fat content of the diet was the 
determining factor in the intestinal ribo- 
flavin synthesis, although the studies of 
Mannering et al. would seem to make this 
the most likely possibility. The data of 
Mannering et al. do, however, show an 
effect of the kind of carbohydrate upon 
intestinal synthesis in the rat. Regardless 
of the factor in the diet responsible for the 
effect, it is important ti.at such studies be 
extended to determine the cause and the 
effect they may have upon the riboflavin 
requirement of human beings. 


VITAMIN E AND ANTIOXIDANTS IN CHICK NUTRITION 


The usual signs of vitamin E deficiency 
in the chick are exudative diathesis and 
encephalomalacia. That somewhat different 
factors are involved in the prevention and 
production of these conditions (in addition 
to lack of vitamin E) was shown by H. Dam, 





I. Kruse, I. Prange, and E. Sdéndergaard 
(Acta physiol. Scandinav. 22, 299 (1951)). 
They found that small amounts of known 
antioxidants (methylene blue, thionine, and 
thiodiphenylamine or antabuse) prevented 
diathesis, 


exudative but of these only 
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methylene blue was effective against en- 
cephalomalacia. Each of the three antioxi- 
dants caused an increase in growth of chicks 
on the deficient diets similar to the addition 
of alpha-tocopherol acetate (see Nutrition 
Reviews 10, 149 (1952) for a review of earlier 
work). 

Two recent series of publications from 
the University of Connecticut and Cornell 
University have explored further the de- 
velopment of these signs of vitamin E 
deficiency in the chick and the effects of 
synthetic antioxidants on their patho- 
genesis. Since there are important differences 
in both the technics and conclusions of 
these publications, they are presented here 
in considerable detail. 

E. P. Singsen and co-workers of the Uni- 
versity of Connecticut (Poultry Sci. 33, 
192 (1954)) fed barred Plymouth Rock 
breeding hens a basal ration designed to 
resemble a practical diet of (in percentages) 
white corn meal 79.25, soybean meal 5, 
crude casein 7, and brewer’s yeast 2, with 
added salts and vitamins except vitamin E. 
In addition to the restriction in vitamin E 
(2.5 mg. of total tocopherols per 100 g. of 
diet), the basal diet was somewhat deficient 
in certain of the B-complex vitamins as 
shown by improved survival and hatch- 
ability when these were added. 

The birds were fed the basal diet for a 
preliminary period of three weeks to place 
them in a vitamin E-deficient state. The 
birds were then divided into six equivalent 
lots and fed their respective supplemented 
diets for a period of nine months. Eggs 
from each lot were hatched and the chicks 
were studied in a companion series of ex- 
periments. 

The results were said to be typical of 
those experienced under field conditions. 
Very low levels of vitamin E intake, as 
reflected by low blood tocopherol levels, did 
not affect egg production or adult mortality 
over a period of nine months. However, 
alpha-tocopherol, even when added to diets 
low in other vitamins, resulted in a highly 
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significant increase in hatchability. A vita- 
min mixture (ascorbic acid, vitamin K and 
B-complex vitamins) could substitute for 
alpha-tocopherol in the basal ration. In 
studies on the blood tocopherol levels of 
the newly hatched chicks from the above 
experiments, it appeared that this vitamin 
mixture assisted in the utilization of tocoph- 
erols by the breeding hens and the develop- 
ing embryos. Vitamin E restriction of the 
ration of the hen severely depletes the 
vitamin E reserves of the chick. Continuing 
the depletion of the chick by administering 
a vitamin E-low starting ration did not 
affect growth or mortality so long as the 
chicks were not subjected to a dietary stress 
of unsaturated fatty acids. The addition to 
the chick diet of 2 per cent fish oil produced a 
high mortality from encephalomalacia, 
which was prevented by feeding a high 
vitamin E diet to the hens or chicks. How- 
ever, in both of these protective regimens 
the efficiency of alpha-tocopherol action was 
improved by the further addition of the 
ascorbic acid, vitamin K and vitamin 
B-complex mixture. 

Protection against dietary stress in 
vitamin E-low chicks was afforded by the 
addition of 0.05 per cent diphenyl-para- 
phenylenediamine (DPPD) in the absence 
of additional vitamin E. A marked rise in 
the blood tocopherol content was observed 
in the chicks fed DPPD. E. P. Singsen and 
co-workers, in the second paper in their 
series on encephalomalacia in the chick 
(Poultry Sci. 34, 262 (1955)), emphasize 
that the vitamin E requirement of the 
chick varies directly with the amount of 
“dietary stress’ caused by the ration. Under 
field conditions, from 7 to 11 1.v. of vitamin 
E per pound of ration were sufficient to 
prevent the appearance of encephalomalacia. 

A similar degree of protection was afforded 
by 0.025 per cent DPPD when the stress 
was the addition of 2 per cent fish oil to the 
ration. The administration of DPPD when 
low levels of tocopherol were fed not only 
prevented encephalomalacia but also in- 
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creased the blood and, presumably, tissue 
tocopherol levels. From the point of view 
of the packer and processor of poultry 
products, the latter is desirable since a 
relationship between the aging qualities of 
chicken and turkey fat and tocopherol 
content has been found (E. P. Mecchi, 
M. F. Pool, and A. A. Klose, Poultry Sci. 
32, 915 (1953)). 

DPPD was shown to protect the vitamin 
E in the feed, but a far more important 
action was its protection of alpha-tocoph- 
erol in the body. Since DPPD is a relatively 
insoluble compound it seems logical to 
suggest that the initial site of its function is 
in the intestinal tract. However, in subse- 
quent experiments R. H. Bunnell and co- 
workers (Poultry Sct. 33, 1046 (1954); 34, 
1068 (1955)) showed that DPPD is also 
effective when entering the body by means 
other than in the feed. Intramuscular injec- 
tions of DPPD, alpha-tocopherol or gamma- 
tocopherol in Tween 80 emulsions, given 
twice weekly, completely protected chicks 
fed a vitamin E-deficient diet containing 
2 per cent commercial vitamin A and D 
oil as a stress factor. Delta-tocopherol emul- 
sions were without effect. A water-soluble 
alpha-tocopherol preparation was also pro- 
tective on injection. When compared on a 
weight basis, DPPD and alpha-tocopherol 
were about equal in their ability to prevent 
encephalomalacia. 

Several other antioxidants were also 
investigated for their ability to prevent 
encephalomalacia when added to the basal 
ration at levels of 0.0125 and 0.025 per cent. 
The following were protective: 6-ethoxy-1 ,2- 
dihydro-2 ,2 ,4-trimethylquinone; 2 ,5-dibu- 
tyl- and 2,5-diamyl-hydroquinone; 2,6- 
ditertiary - butyl - 4 - methoxyphenol 
(BHT); and N ,N’-disecondary-butyl-para- 
phenylenediamine. Butylated hydroxyani- 
sole, however, was totally ineffective in 
preventing encephalomalacia (E. P. Singsen, 
Flour and Feed, p. 20, June 1954). 

On the basis of this series of experiments, 
Bunnell and his co-workers suggest (Poultry 
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Sci., 1956, loc. cit.) that DPPD and other 
effective antioxidants not only protect vita- 
min E in the feed and in the body but also 
function in a manner parallel to vitamin E 
as general biologic antioxidants or as elec- 
tron-transferring agents in some cellular 
reactions. It is apparently this function that 
is responsible for their effectiveness against 
encephalomalacia in the chick. 

In the studies of Singsen and co-workers 
reported above, the addition to the ration 
of a pro-oxidant was necessary to produce 
the signs of vitamin E deficiency in chicks. 
To permit a “straightforward” investiga- 
tion of the role of vitamin E in poultry 
nutrition, M. L. Scott and co-workers of 
Cornell University (J. Nutrition 66, 387 
(1955)) have developed a basal diet severely 
deficient in vitamin E that consists (in per 
cent) of Torula yeast 58.5, glucose (cerelose) 
28.26, vitamin E-free lard 5, and ground 
cellophane 3. Glycine, arginine, methio- 
nine, minerals and vitamins were added to 
make the diet adequate for chicks in all 
nutrients with the exception of vitamin E. 

Chicks receiving the basal diet developed 
exudative diathesis by the third week and 
succumbed before the end of the fourth 
week. No signs of necrotic liver degeneration 
or of gizzard erosion were found. Many 
chicks had mild symptoms of encephalo- 
malacia but, in contrast to the results re- 
ported above, none was severely afflicted. 
Supplementation of the basal diet with d, 
alpha-tocopheryl acetate (5 mg. per pound 
of ration) prevented all symptoms and 
increased growth. Gamma - tocopherol 
(20 mg. per pound of ration) delayed the 
onset of symptoms, reduced mortality and 
improved growth but did not prevent com- 
pletely the development of severe exudative 
diathesis. By the fifth week, 9 of the 15 
chicks in the group were dead. The following 
synthetic antioxidants were without effect 
when fed at levels of 100 mg. per pound of 
feed: DPPD, butylated hydroxyanisole, 
nordihydroguaiaretic 5 


acid, 2 ,5-ditertiary- 
amyl-hydroquinone, 6-ethoxy-1 ,2-dihydro- 
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2 ,2 ,4-trimethylquinone. Crude lecithin and 
purified phosphatides at a 0.1 per cent level 
in the ration were likewise ineffective. Since 
lard is a pro-oxidant, the basal diet also 
was prepared with dextrose substituted for 
vitamin E-free lard and with completely 
hydrogenated vitamin E-free lard in place 
of the stripped natural lard. Neither of these 
substitutions altered survival or symptoms 
produced by the basal diet. 

Substituting 10 per cent of the Torula 
yeast with a like amount of dried brewer’s 
yeast showed that the latter was as effective 
as vitamin E in improving growth, decreas- 
ing mortality and preventing exudative 
diathesis. Since DPPD (100 mg. per pound 
of feed) was again without effect, the authors 
suggest that antioxidant content per se did 
not explain the protective action of dried 
brewer’s yeast. Hexane extraction did not 
decrease the protective action of brewer’s 
yeast and, since the extract itself was with- 
out effect, its free vitamin E content like- 
wise could not account for the beneficial 
effects produced. 

Methionine (0.5 per cent) and cystine 
(0.4 per cent) when added to a basal diet of 
lower protein content (40 per cent Torula 
yeast) did not decrease the incidence of 
vitamin E deficiency symptoms, although 
growth was increased. Under equivalent 
dietary conditions the chick differs markedly 
from the rat in vitamin E deficiency symp- 
toms. K. Schwarz (Proc. Soc. Exp. Biol. 
Med. TT, 818 (1951); 78, 852 (1951); Nutri- 
tion Reviews 10, 288 (1952)) has found that 
Torula yeast diets similar to those employed 
by Scott et al. produce dietary necrotic liver 
degeneration in rats. This necrosis is pre- 
vented by adding vitamin E, cystine, or a 
source of factor 3 (brewer’s yeast). 


Despite alterations in the basal diet 


PANTOTHENIC ACID AND 


Although there have been numerous 


studies upon the effect of pantothenic acid 
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(decreasing protein content, adding cod 
liver oil) Scott ef al. were unable to induce 
necrotic livers in chicks, where the principal 
deficiency sign was exudative diathesis. 
Encephalomalacia was not prevalent even 
with as much as 5 per cent cod liver oil in 
the diet. Scott and co-workers could find no 
obvious explanation for the fact that chicks 
in their experiments died with severe exuda- 
tive diathesis whereas those in the experi- 
ments of Singsen et al. (loc. cit.) suecumbed 
to encephalomalacia. 

The failure of antioxidants to protect 
against the signs of vitamin E deficiency in 
the experiments of Scott et al. is puzzling in 
view of the pronounced reduction in mor- 
tality afforded by 0.0125 per cent of DPPD 
in Singsen’s experiments. Perhaps the pres- 
ence of small amounts of vitamin E in the 
ration in the latter experiments contributed 
to the action of the antioxidants, or more 
antioxidant is necessary in diets as severely 
deficient as are those of Scott. If factor 3 is 
the agent in brewer’s yeast that prevents 
exudative diathesis, then it would appear 
that Singsen’s diets contain ample amounts 
(7 per cent crude casein and 2 per cent 
brewer’s yeast (Schwarz, loc. cit.)). Of course, 
hereditary and environmental factors must 
be equated before the differences reported 
by these two laboratories can be ascribed 
solely to diet. 

It is obvious that some of the older ideas 
about the roles of vitamin E and antioxi- 
dants for the chick may have to be re- 
examined in the light of these newer studies. 
It is doubtful that a final answer will be 
found until studies are conducted with a 
completely defined diet that will permit a 
careful evaluation of the relative roles of 
vitamin E and antioxidants in the nutrition 
of the chick. 


REPRODUCTION IN SWINE 


deficiency in swine, little is known of the 
requirement for reproduction, which is the 
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subject of a report by D. E. Ullrey, D. E. 
Becker, S. W. Terrill, and R. A. Notzold 
(J. Nutrition 57, 401 (1955)). These authors 
state in the introduction of the paper that 
under practical feeding conditions the addi- 
tion of pantothenic acid to the ration is often 
necessary for optimum performance of 
growing pigs and that pantothenic acid is 
often added to the diets of pregnant and 
lactating swine. G. M. Briggs and F. §. 
Daft (‘The Vitamins,” Vol. IJ, p. 649, see 
esp. p. 664, Academic Press, New York 
(1954)) have indicated the various reports 
pointing to the probable development of 
pantothenic acid deficiency in swine receiv- 
ing practical rations. 

The studies were done with 32 gilts (im- 
mature female hogs) of approximately equal 
age and weight. They were fed a purified 
diet of the usual type in which isolated soy- 
bean protein supplied the protein. Methio- 
nine, a mineral mixture, and the usual 
vitamins except pantothenic acid were added 
in presumably adequate amounts. The ani- 
mals received this ration for four weeks 
and were then divided into eight groups of 
4 hogs each. 

The first four groups were composed of 
Duroc hogs, and pantothenic acid was 
added to supply 1.5, 5.9, 12.5 and 19.1 mg. 
per kilogram of ration. The second four 
pens were replicates of these, but made up 
of Hampshires and Hampshire-Yorkshire 
crossbreds. Feed intake was equalized inso- 
far as possible between lots during the pre- 
natal period but after farrowing the animals 
were fed ad libitum. 

During the first eight weeks of the study 
the animals were checked every second day 
for estrous and after this time breeding 
was begun. Each gilt was bred twice during 
each estrous period, using 2 different boars. 
The animals were bred until estrous ceased 
or they were slaughtered. Pregnant animals 
were placed in individual pens on the 
one-hundred and seventh day of gestation, 
where they remained until their pigs were 
weaned at 5 weeks of age. The animals 
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which farrowed were rebred as soon after 
weaning as possible, and if estrous did not 
occur they were slaughtered about four 
weeks after breeding. The gilts which had 
not farrowed were bred if estrous occurred 
and killed at approximately the same time. 

The average weight gains were approxi- 
mately the same in the various groups ex- 
cept for those which received the lowest 
level, 1.5 mg. of pantothenic acid per kilo- 
gram of ration. Groups 1 and 5 received 
this amount. The animals in group 1 (Duroc 
hogs) showed considerably reduced weight 
gains after the first month and were gaining 
very little by the fifth month. The animals 
in the replicate group 5 (Hampshires and 
crossbreds) showed considerably better 
gains but still were much below the animals 
on the other levels of pantothenic acid. 
Either because of increased stores of panto- 
thenic acid or a difference in requirement, 
the deficiency was apparently more severe 
in group 1 than in group 5. Similarly, none 
of the animals fed the 1.5 mg. level of panto- 
thenic acid produced a litter. Those in 
group 1 had only one estrous cycle whereas 
those in group 5 continued to show cycles 
for a longer period. 

Autopsy data showed that one animal 
which had been bred during eight cycles 
had conceived, but degeneration of the 
blastocysts had followed within a week of 
breeding. In another, implantation had 
occurred and 8 of 10 embryos appeared 
normal at 28 days. Of the remaining pigs 
receiving 5.9 mg. or more of pantothenic 
acid per kilogram, 5 did not farrow, but it 
is not clear whether this was the result of 
pantothenic acid deficiency. There were no 
differences in number of pigs per litter or 
in the birth weights. However, signs of 
deficiency, principally locomotor incoordi- 
nation, tremors and intestinal bleeding, 
were seen shortly after birth in the young 
of those which received only 5.9 mg. of 
pantothenic acid per kilogram of diet. The 
number of pigs weaned per litter was sig- 
nificantly less at this level of pantothenic 
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acid intake than at higher levels. The panto- 
thenic acid content of the milk produced 
by the gilts at this level of pantothenic 
acid was only about half of that from animals 
at higher levels of intake. 

Between nine weeks and four months 
after the experiment was started, the gilts 
in groups | and 5 (earlier in group 1) de- 
veloped diarrhea, bleeding from the anus 
and locomotor incoordination (‘‘goose-step- 
ping”’). One of the gilts in group 2 (5.9 mg. 
of pantothenic acid per kilogram of diet) 
also developed this condition and others 
in this group developed spastic movements 
of the rear legs. High levels of pyruvate in 
the blood were found in the deficient ani- 
mals, but this did not develop until late 
in the deficiency. Postmortem examination 
of the gilts showed the presence of fatty 
livers, enlarged adrenal glands, intramuscu- 
lar hemorrhage, eccentric dilation of the 
heart, rectal congestion, atrophic ovaries 


and infantile uteri. In the young born to_ 


the gilts in group 2 fatty livers and kid- 
neys, ulceration and hemorrhage of the 
colon and rectal mucosa, accumulation of 
urates in the renal pelvis, ureters and 
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bladder, and edematous and _ ischemic 
skeletal muscle were found. In one instance 
small hemorrhages on the surface of the 
adrenal gland were seen. 

The pituitary glands were removed from 
the animals when they were slaughtered 
and suspensions prepared from them were 
injected into 2 day old chicks for assay of 
the gonadotrophic and thyrotrophie ac- 
tivity. These data are suggestive of a lower 
gonadotrophin activity at the higher levels 
of pantothenic acid intake. 

The study demonstrates that although 
5.9 mg. of pantothenic acid per kilogram of 
ration is definitely insufficient for reproduc- 
tion in swine, 12.5 mg. per kilogram is 
apparently adequate. S. C.  Stothers, 
R. L. Johnston, J. A. Hoefer, and R. W. 
Luecke (J. Animal Sci. 11, 777 (1962)) 
had previously estimated the requirement of 
pantothenic acid for the growth of swine 
as between 10 and 20 mg. per kilogram of 
diet. Estimates of the requirements of 
several other species for pantothenic acid 
(summarized by Briggs and Daft, loc. cit., 
p. 682) are in most instances also about 10 
mg. per kilogram of diet. 


THE FATE OF VITAMIN A IN SIMULATED INFECTION 


Many observers have reported that 
deficiency of vitamin A is accompanied by 
decreased resistance to infection. There is 
also some evidence that administration of 
amounts of the vitamin in excess of the 
minimum requirement may be _ beneficial 
(Nutrition Reviews 1, 66 (1943); 3, 229 
(1945)). 

One of these studies, illustrating the 
effect of excess vitamin A administration, 
was carried out by G. 8. Shibley and T. D. 
Spies (J. Am. Med. Assn. 103, 2021 (1934)). 
These investigators maintained careful 
records of respiratory infections occurring 
in three groups of students receiving re- 
spectively 200,000 1.u. or 4000 Lv. of 
vitamin A, or corn oil. Seasonal incidence 


and severity of colds was similar in all 
three groups, but duration was much 
shortened in the first group. 

It has also been shown that blood levels 
of vitamin A decrease during acute infec- 
tions, especially in cases of pneumonia, 
abscesses and acute rheumatic fever (R. E. 
Shank, A. F. Coburn, L. V. Moore, and 
C. L. Hoagland, J. Clin. Invest. 23, 289 
(1944); A. L. Jacobs, Z. A. Leitner, T. 
Moore, and I. M. Sharman, J. Clin. Nutri- 
tion 2, 156 (1954)). 


Despite these investigations, the role 


and fate of vitamin A during the course 
of infection remain obscure. Some of the 
unanswered questions are: In the presence 
of acute infection is there an increased 
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tissue demand for this vitamin or is there 
an increased rate of utilization? In the 
absence of these factors, what is the fate 
of blood vitamin A? Is absorption impaired? 
Is the rate of liver uptake and release 
different in cases of infection? 

These questions stimulated the following 
critical experiments on rats injected with 
turpentine and sweet almond oil by B. M. 
Kagan (Ann. N. Y. Acad. Sci. 638, 214 
(1955)). (Subcutaneous injection of turpen- 
tine or of sweet almond oil produces ab- 
scesses which resemble bacterial abscesses 
in histologic appearance.) Analyses for 
vitamin A in the serums of turpentine- 
injected rats revealed 50 per cent decreases 
as compared to control animals. Similar 
results were obtained when sweet almond 
oil was used to simulate infection. 

To determine whether gastrointestinal 
absorption was impaired during infection, 
serum levels of vitamin A were followed 
after oral administration of test doses 
of 12,000 1.u. of vitamin A per kilogram 
of body weight. No significant differences 
were seen in the levels of vitamin A of 
experimental animals and controls three and 
six hours after administration of the excess 
vitamin, even though the blood vitamin A 
was relatively greatly decreased twenty- 
four hours after ingestion in the rats bearing 
turpentine abscesses. Thus, gastrointestinal 
absorption did not seem to be involved. 

Concentrations of vitamin A in the 
livers of animals receiving only dietary 
vitamin A were next determined. It was 
found that animals with abscesses contained 
less vitamin A per gram of liver (101 micro- 
grams per gram) and per total liver (1.092 
micrograms per total liver) than did control 
rats (131 micrograms per gram and 1.406 
micrograms per total liver). 

When vitamin A was administered in 
excess of that provided by the diet (12,000 
1.u. per kilogram of body weight) the con- 
centration in the liver was found to be 
almost identical in the control and experi- 
mental animals, as measured three days 


after the fourth turpentine injection. Thus, 
a 25 per cent elevation was seen in the 
case of the control animals and a 50 per 
cent increase in the injected rats. The 
results indicate that liver storage of vitamin 
A proceeds normally in spite of simulated 
infectious processes. 

In an attempt to determine the fate of 
the vitamin A actual abscesses, subcuta- 
neous tissues, kidneys, spleens, intestinal 
walls and urine were assayed for vitamin A 
content. The normal subcutaneous tissues 
contained only 2 micrograms per gram of 
tissue, as did the purulent portions of the 
abscesses. The peripheries of the abscesses 
contained 3 micrograms per gram of tissue, 
and the other tissues did not show sta- 
tistically significant differences between 
experimental and control animals. However, 
the concentration of vitamin A in the 
kidneys of some of the rats bearing ab- 
scesses was abnormally high, thus elevating 
the mean value of vitamin A in these 
tissues. Moreover, in some injected animals, 
the urine contained rather high concentra- 
tions of vitamin A. Normally no vitamin A 
is found in the urine, but this phenomenon 
has been observed in cases of pneumonia. 

I. Clark and R. W. Colburn (Endocrinology 
56, 232 (1955)) have shown that large doses 
of cortisone result in the rapid depletion of 
vitamin A from the livers and kidneys of 
rats. It may be reasoned that in the rats 
injected with turpentine there might have 
been an increased secretion of adrenal 
steroids under the stress of the situation. 
However, in rats with abscesses, the con- 
centration of vitamin A in the kidneys 
was often actually increased. 

The suggestion is made that sporadic 
increases in vitamin A content in kidneys 
and urine during simulated infection, and 
decreases in livers, indicate the presence of 
a detoxification mechanism, but these 
avenues of loss (kidneys and urine) do not 
account for the total vitamin A lost from 
the serum and liver. 

Although it seems probable that results 
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obtained from these experimental studies 
would apply to variously infected animals, 


certain reservations must be held until 
such proof is actually forthcoming. 


SALT MIXTURES AND HEART FAILURE 


An apparent relationship between cardiac 
disturbances in mice and salt mixtures 
used in experimental diets has been ob- 
served by J. T. King, Y. C. P. Lee, and 
M. B. Visscher (J. Nutrition 57, 111 (1955)). 

In earlier studies these workers found 
that male mice of the C;H strain developed 
a high incidence of hydrothorax and cardiac 
hypertrophy when fed a semipurified diet. 
This syndrome did not appear in similar 
animals fed a commercial fox chow (Y. C. 
P. Lee, J. T. King, and M. B. Visscher, 
Am. J. Physiol. 173, 456 (1953)). They 
also noted that the diet was satisfactory 
for reproduction, preventing resorptions 
and abortions, in strain A mice but was 


inadequate in this respect for strain C;H — 


mice. The diet could be made adequate 
for reproduction either by adding tocopherol 
or by modifying the salt mixture. 

The recent report (loc. cit.) is concerned 
with further studies on the heart failure 
syndrome in male mice fed a basal diet 
of the following composition, by parts: 
glucose, 33; casein, 28; lard, 17; dried 
brewer’s yeast, 8; alfalfa leaf, 4; salts, 4; 
cod liver oil, 2; and wheat germ oil, 1. 
Seven out of 10 male mice fed this diet 
containing a modified Jones-Foster mixture 
of the salts developed heart failure at an 
average age of 576 days. No heart failure 
occurred in a similar group of animals fed a 
commercial fox chow. Feeding a modified 
Hubbell, Mendel and Wakeman salt mix- 
ture in the basal diet likewise completely 
prevented the heart failure. The modified 
Jones-Foster mixture contained added trace 
minerals whereas the modified Hubbell, 
Mendel and Wakeman mixture did not. 
Removal of the trace minerals from the 
Jones-Foster formula did not, however, 
eliminate the disease. Nine of 20 mice fed 


the basal diet so modified developed heart 
failure in an average of 626 days. Replace- 
ment of the lard in the basal diet with 
commercial hydrogenated oil was effective 
in preventing heart failure when the diet 
contained the Jones-Foster salts formula 
with trace minerals. The results thus 
established that the nature of the salt 
mixture had a major influence on the 
development of heart failure and that 
trace minerals alone could not be considered 
entirely responsible for the differences 
observed between the salt mixtures used. 

The heart lesions noted in these studies 
were similar in all essential respects to 
those that have been described for vitamin 
E deficiency in rats and mice. The heart 
was enlarged, especially in the left auricle 
which also exhibited yellowish-white stria- 
tions. Microscopically, the heart showed 
fibrosis in the ventricles and auricles, with 
the muscle fibers in all stages of deteriora- 
tion. Yellow or brownish-yellow pigment 
was found extensively in heart muscle 
fibers and in macrophages. A similar. pig- 
mented lesion is considered to be a reliable 
and useful criterion of vitamin E deficiency 
(K. E. Mason and A. F. Emmel, Anat. 
Record 92, 33 (1945)). 

If it is assumed that the nature of the 
salt mixture used in the basal diet was 
responsible for a relative lack of vitamin E, 
it was not established whether tocopherol 
destruction in the diet occurred before 
or after feeding. It is also possible that the 
mineral content of the diet may influence 
the animal’s requirement for tocopherols. 
A more likely explanation is perhaps that 
of a direct oxidative process of such a 
mineral as iron in the diet, which recalls 
the early use of ferric chloride in the diet 
to lower its vitamin E activity. 
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In this connection it is of interest that 
these workers have observed a paralysis 
in mice indicative of vitamin E deficiency 
upon replacing ferric phosphate with ferrous 
sulfate in a modified Osborne and Mendel 
salt mixture. A similar paralysis was seen 
when the wheat germ oil was omitted from 
the diet (J. T. King, Y. C. P. Lee, and 
M. B. Visscher, Proc. Soc. Exp. Biol. Med. 
88, 406 (1955)). 
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These results emphasize the major nutri- 
tional influences that can be accomplished 
through modification of dietary mineral 
mixtures. Similar destructive effects of 
dietary minerals on B-vitamins have re- 
ceived attention (J. E. Rombouts, J. 
Nutrition 60, 255 (1953); P. E. Waibel, 
H. R. Bird, and C. A. Baumann, Jbid. 
52, 273 (1954); Nutrition Reviews 18, 14 
(1955)). 


ESTIMATES OF BOVINE BODY COMPOSITION 


Evidence has been accumulated to support 
the generalization that the percentages of 
water, protein and mineral matter are rela- 
tively constant in the fat-free body of ma- 
ture animals. This has led to the assump- 
tion that the water content of the “lean 
body”? mass is a constant (generally 73.2 
per cent), and this or a similar value has 
been widely used in the derivation of the 
body fat mass, particularly in studies with 
man (Nutrition Reviews 10, 14, 181 (1952); 
11, 68 (1953); 12, 203, 324 (1954)). 

Because of the lack of an adequate 
amount of actual chemical data on the body 
of man to determine the relationship of 
age to body water content, the question of 
influence of age on body water content, 
in relation to body protein and mineral 
content, has not been adequately studied. 

In a study at Cornell University attempts 
have been made to evaluate available data 
with respect to water, protein, fat and 
ash contents of the eviscerated bovine body 
as influenced by age, sex and body type, 
and to quantitate these relationships for 
application to nutritional experiments with 
cattle (J. T. Reid, G. H. Wellington, and 
H. O. Dunn, J. Dairy Sci. 38, 1844 (1955)). 

Data used in the study were taken from 
the results in the published literature on 
the percentage of water, fat, protein and 
ash, or published results containing suffi- 
cient information from which these values 
could be derived on the whole eviscerated- 


body basis. A total of 256 animals satisfied 
these criteria (139 beef cattle, 117 dairy 
cattle). 

The animals represented in the data 
ranged in age from 1 day to 4860 days. The 
range of values for the body components 
was as follows (in per cent): water, 39.8 
to 77.6; fat, 1.8 to 44.6; protein, 12.4 to 
20.6; ash, 3.0 to 6.1. Surprisingly, the aver- 
age fat percentage was 16.3 per cent for the 
males, contrasted with a value of 12.3 for 
females. The female of the species is 
generally characterized by a higher fat 
percentage than the male. A search of 
Reid’s source material, however, reveals 
that the animals designated as ‘males’ 
were mainly steers or castrated males (all 
but 6 of the 135 “males” were beef animals), 
which probably explains the higher average 
fat content of ‘males’ compared to fe- 
males, although this was not mentioned 
by Reid. 

Equations were computed to express 
the relationships between age and fat-free 
body constituents. Curvilinear equations 
were somewhat more accurate than 
responding linear equations. 

Whereas the ash and protein contents 
tended to increase with age, the water 
content of the bovine body tended to de- 
crease quite rapidly between 1 and 500 days 
of age. This is the age at which the bovine 
is considered to reach chemical maturity 
with respect to nonfat body constituents, 


cor- 
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according to an older concept (C. R. Moul- 
ton, J. Biol. Chem. 57, 79 (1923)). However, 
analysis of the data of Reid et al. reveals 
that constancy of composition, or true 
chemical maturity, was not reached during 
the first 4000 days of life by the bovine. 
Animals 1000 days of age contained an 
average of 72.0 per cent body water whereas 
animals 4000 days of age had decreased 
to 71.0 per cent water. The values for 
total body mineral (ash) were approximately 
5.5 and 7.5 per cent for these respective 
ages. Protein content increased from about 
22.5 to 23.5 per cent between 1000 and 4000 
days of age. 

The coefficient of variation in water 
content was reduced from 12.4 per cent 
to 2.7 per cent when this body component 
was expressed on a fat-free body basis 
rather than on the whole eviscerated-body 
basis. 

The relative merits of reducing the pro- 
tein and ash body components to constancy 
on the fat-free, moisture-free basis, rather 
than on the fat-free basis was aiso studied. 
The coefficient of variation for body pro- 
tein was 7.1 per cent on a fat-free body 
basis, contrasted with 2.1 per cent on a 
fat-free, moisture-free basis. Similarly, on 
the fat-free basis, the coefficient of variation 
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for the ash was 17.8 per cent, and 8.6 per 
cent on the fat-free, moisture-free basis for 
this component. These data emphasize 
that a decided advantage in accuracy is 
attained by using body protein and ash 
contents expressed on a fat-free, moisture- 
free basis. 

The ultimate objective of arriving at 
predictable relationships between body 
constituents in cattle is obviously that of 
using such data to evaluate the gain or 
loss of body energy in nutrition investiga- 
tions without having to sacrifice the animal. 
Basing their conclusions on analysis from 
the available data, Reid and associates 
observed that of the major body com- 
ponents, those of fat and water in the whole 
eviscerated body are variable and inversely 
correlated, while those of protein and 
ash are practically constant. 

Since it has been suggested (H. F. Kray- 
bill, O. G. Hankins, and H. L. Bitter, 
J. Applied Physiol. 3, 681 (1951); Nutrition 
Reviews 10, 181, 246 (1952)) that measure- 
ment of the water content of the live intact 
bovine is feasible, Reid and associates 
have proposed mathematic expressions that 
would permit body composition estimations 
if total body water content is known. 


VITAMINS IN ANTIBODY PRODUCTION 


The older literature in this field, although 
extensive, fails to yield unequivocal evidence 
indicating that any specific vitamin de- 
ficiency leads to impaired antibody produc- 
tion (I. Ruchman, J. Immunology 583, 
51 (1946); W. B. Leftwich and G. 8. Mirick, 
J. Exp. Med. 89, 155 (1949); L. J. Berry, 
J. Davis, and T. D. Spies, J. Lab. Clin. 
Med. 30, 684 (1945)). Accurate appraisal of 
many of these earlier studies is made diffi- 
cult because of the questionable specificity 
of the deficiency under study, as well as 
failure to use adequate inanition controls 
(A. E. Axelrod, Nutrition Reviews 10, 353 
(1952)). 


Fortunately, these factors have been 
taken into consideration in recent experi- 
ments\by A. E. Axelrod and J. Pruzansky 
(Ann. N. Y. Acad. Sci. 63, 202 (1955)) in 
which the authors attempted to study sys- 
tematically the effects of specific individual 
vitamin deficiencies upon antibody produc- 
tion in the albino rat. The synthesis of two 
types of antibodies was studied by these 
workers. In a first series of experiments, 
human erythrocytes were employed as the 
antigen, and the resulting serum antibody 
content was determined by the hemag- 
glutination procedure. In a second series, 
purified diphtheria toxoid was the antigen. 
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As controls, paired-weighed, paired-fed 
and ad libitum-fed rats were utilized. 
All control animals received the same diet 
as the corresponding deficient group, plus 
the crystalline vitamin in question. 

Synthesis of hemagglutinating antibodies 
was markedly impaired in cases of deficiency 
of pantothenic acid, pyridoxine and pteroyl- 
glutamic acid; moderate impairment in 
the production of these antibodies was noted 
in deficiencies of thiamine, biotin, riboflavin, 
niacin, tryptophan and vitamin A, whereas 
no impairment was seen in vitamin D- and 
vitamin By--deficient rats. 

Production of antibodies to diphtheria 
toxoid was impaired by deficiencies of 
pantothenic acid, pyridoxine, riboflavin, 
biotin, vitamin D and _ pteroylglutamic 
acid. On the other hand, thiamine- and 
vitamin A-deficient. rats were fully capable 
of normal antibody synthesis. 

The difference in effects of vitamin D, 
thiamine and vitamin A deficiencies on the 
rates of synthesis of the two antibodies is 
important in that it opens a new experi- 
mental pathway which may lead to a better 
understanding of the mechanisms of anti- 
body synthesis and the precise roles of the 
vitamins in this process. 

No correlation was observed between the 
inhibiting effect of vitamin deficiency upon 
growth rates and upon antibody response. 
Thus, certain deficiencies, such as thiamine 
deficiency, caused a marked growth inhibi- 
tion without as notably affecting antibody 
responses when the latter were measured 
as activity per milliliter of serum. A greater 
inhibition of synthesis is apparent if one 
takes into consideration the fact that the 
smaller animal has a smaller blood volume. 
However, in other deficiencies, such as 
pteroylglutamic acid, a marked decrease in 
antibody response was noted although 
the growth inhibition was relatively slight. 

The primary response to the diphtheria 
toxoid was obtained three weeks after im- 
munization. At this time a booster shot 
of toxoid was given, and the secondary 
response was determined one week later. 
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In cases in which vitamin deficiency had 
impaired the initial synthesis of antibody, 
no secondary response was apparent. 
Therapy with pantothenic acid during the 
secondary phase in rats originally panto- 
thenic acid-deficient was ineffective in 
producing a response. 

Investigation of vitamin deficiency status 
in relation to complement (thermolabile 
substance in normal blood serum which 
in conjunction with specific antibodies 
causes destruction of bacteria, lysis of cells, 
etc.) revealed that a decreased level of 
complement was present only in rats de- 
ficient in pyridoxine and riboflavin. No 
effect was noted with pteroylglutamic 
acid- or biotin-deficient animals. Moreover, 
since low complement titers were obtained 
from the riboflavin inanition controls, 
the impairment of synthesis noted in the 
eases of riboflavin and pyridoxine de- 
ficiencies was attributed to concomitant 
states of inanition in these deficiencies. 

This lack of a specific vitamin effect upon 
serum complement was further demon- 
strated in a study of the role of serum com- 
plement regeneration rates in vitamin- 
deficient rats. When the serum complement 
was depleted in vivo by successive adminis- 
tration of type 3 pneumococcal polysac- 
charide and the homologous rabbit anti- 
serum, the deficiency states had no 
significant effect upon serum complement 
regeneration. 

The following mechanisms are postulated 
as possibilities for the alterations of syn- 
thesis of antibody proteins by vitamin de- 
ficiency: (1) The metabolism of the antigen 
may be different. (2) The antibody-syn- 
thesizing cells may be deranged. (The 
authors noted interference with the accel- 
eration of cellular division in the spleen, 
a phenomenon which always accompanies 
antibody production in this organ. They 
also found that the desoxyribose nucleic 
acid content of isolated splenic nuclei in 
immunized pantothenic acid-deficient ani- 
mals was lower than that for comparable 
controls.) (3) It is possible that vitamins, 
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by virtue of their clear relationships with 
various enzyme systems, function directly 
in the enzymatic reactions involved in 
antibody synthesis. (The authors demon- 
strated a normal amount of material mi- 
grating electrophoretically in the region of 
the gamma globulins in vitamin-deficient 
rats incapable of synthesizing antibody 
globulin.) (4) Since the normal serum level 
must represent an equilibrium between the 
rate of synthesis and release of antibody on 
the one hand, and rate of destruction on the 
other, this equilibrium could be disturbed 


CHEMICAL AND HISTOCHEMICAL 


Our knowledge of the fundamental 
aspects of wound healing is meager. Accord- 
ingly, studies directed towards an under- 
standing of its basic metabolic mechanisms 
are particularly welcome. Such is a report 
by J. E. Dunphy and K. N. Udupa (New 
Engl. J. Med. 253, 847 (1955)), describing 
certain chemical and _ histochemical _ se- 
quences in the healing of wounds in young 
adult albino rats. 

Hexosamine and hydroxyproline, the 
former as an index of ground substance, the 
latter of collagen, were measured chemically 
in the granulation tissue of open wounds 
three, six, nine, twelve and fifteen days 
after wounding. Mucopolysaccharides, re- 
ticulum and collagen were estimated by 
histochemical methods in sutured abdomi- 
nal wounds at similar times postoperatively. 
Collagen was evaluated by van Gieson’s 
and Mallory’s stains, reticulum by silver 
impregnation methods, and mucopolysac- 
charides by three staining technics, tolui- 
dine blue, colloidal-iron and periodic acid 
Schiff. 

The hexosamine content of normal rat 
skin was about 450 mg. per 100 g. of dry 
tissue. Following wounding, there was a 
rapid increase to about double this value 
on the third postoperative day, and then a 
gradual fall to normal by the ninth day. 
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at the point of secretion or the point of 
destruction as well as at synthesis. However, 
extraction of splenic cells from vitamin- 
deficient rats did not yield as much anti- 
body protein as did such cells from contro] 
rats. 

Axelrod and Pruzansky feel that because 
of the role of antibodies in the resistance of 
organisms to various infective states, a 
significant aspect of their work has been 
the demonstration of the effects of vitamin 
deficiency on still another facet of resistance 
to and recovery from disease. 


SEQUENCES IN HEALING WOUNDS 


Similar patterns were observed for the muco- 
polysaccharide-stainable materials. The peak 
colloidal-iron staining reaction was noted 
on the fourth and sixth postoperative days; 
it had returned to normal on the twelfth 
day. Peak metachromasia (toluidine blue) 
was noted on the sixth and seventh days; it 
was normal by the thirteenth day. The 
periodic acid Schiff-stainable material also 
reached its peak by the sixth day, but 
continued to be at peak level on the ninth 
day, and was still slightly elevated on the 
fifteenth day. 

The hydroxyproline content of the wounds 
was very low three days after operation 
and there was only a slight increase in the 
next few days. There was then a rapid rise 
in this component in the period six to 
twelve days after operation. The value 
at fifteen days was the same as at twelve 
days. It should be pointed out that the 
level at this time was still only about one- 
half that of normal skin. The histochemical 
evaluation of collagen by van Gieson’s 
stain showed an identical pattern. In con- 
trast, reticulum, as judged by the silver 
stain, reached its peak early, about the 
sixth day, and then rapidly fell, disappear- 
ing by the fifteenth day. 

Dunphy and Udupa note that the amounts 
of hexosamine and the mucopolysaccharides, 
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judged histochemically, rise rapidly after 
wounding during the so-called “lag” period, 
reach their peak as collagen begins to appear, 
and, except for the periodic Schiff-stainable 
substance, drop promptly as collagen in- 
creases. They point out that since the ho- 
mogeneous metachromatic material is prob- 
ably produced by fibroblasts, it must be an 
early function that does not require the 
presence of the large numbers of fibro- 
blasts which reach their peak later at a 
time when the ground substance appears 
to be decreasing. They believe that the 
soluble protein precursors of collagen are 
also formed in the early productive phase of 
wound healing since reticulum is present in 
peak quantities by the sixth day. Dunphy 
and Udupa suggest that the positive periodic 
Schiff reaction, continued well into the period 
of cicatrization, may indicate that a carbo- 
hydrate fraction of mucopolysaccharide is 
incorporated into collagen, or may, perhaps, 
be related in some way to hydroxyproline. 
Like others, Dunphy and Udupa feel 
that the tensile strength of wounds is related 
largely to the presence of collagen rather 
than to fibroplasia per se. The most dra- 
matic evidence for this is the well known 
phenomenon of weak wounds in scorbutic 
animals—fibroblasts are plentiful in wounds 
in these animals, but collagen is markedly 
limited. These workers mention briefly 
some studies they have done in scorbutic 
guinea pigs. They noted a progressive rise 
in wound mucopolysaccharide concentra- 
tion during the first postoperative 
weeks to levels much higher than the peak 
observed in wounds of normal animals 
at about the fifth day. This material in 
the scorbutic animals did not stain meta- 
chromatically. Fibroplasia was abundant, 
and considerable reticulum present. 
Little collagen was evident by Mallory’s 
or van Gieson’s stains, and little hydroxy- 
proline was found chemically. Following 
ascorbic acid administration, there was a 
rapid increase in measurable hydroxypro- 
line and stainable collagen fibers. These 
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findings call to mind the early investiga- 
tions of 8. B. Wolbach (Am. J. Path. 
9, 689 (1933)), who noted that although 
proliferation and migration of fibroblasts 
appeared in wounds of acid- 
depleted guinea pigs, little extracellular 
material, as judged by Mallory’s connective 
tissue stain, was present. When ascorbic 


ascorbic 


acid was given, a homogeneous amorphous 
material staining blue with the Mallory 
stain appeared around the fibroblasts. Later, 


A. Meyer (Z. f. Vitaminforsch. 14, 332 
(1943-1944)), using the toluidine blue 
stain, noted that the metachromasia of 


articular cartilage was markedly lessened 
in scorbutic guinea pigs. This was inter- 
preted as reflecting a reduction in chondroi- 
tin sulfate material. 

J. R. Penney and B. M. Balfour (J. 
Path. Bact. 61, 171 (1949); Nutrition Re- 
views 10, 124 (1952)) observed, as have 
Dunphy and Udupa, minimal metachro- 
masia in healing wounds in scorbutic guinea 
pigs. The animals studied by Penney and 
Balfour had been on an ascorbic acid-free 
diet for thirteen days prior to wounding and 
were kept on this ration during the post- 
operative period. Their observations were 
made during the period five to eight days 
after operation. No measurements of muco- 
polysaccharides which did not stain with 
toluidine blue were made by these workers, 
although they did observe a nonmetachro- 
matic-staining residue in sections of wounds 
from animals after treatment of 
the with hyaluronidase. They 
mention that in preliminary experiments, 
large amounts of toluidine blue-staining 
material were found in the wounds of guinea 
pigs on inadequate intakes of 
but not when ascorbic acid 
from the diet. Similarly, H. 


normal 
sections 


ascorbic acid 
was omitted 
Bunting and 


R. F. White (Arch. Path. 49, 590 (1950); 
Nutrition Reviews, loc. cit.) found that the 
wounds of animals in a state of relative but 
not complete scurvy had more metachro- 
matic material than the wounds of normal 
controls. 
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In this regard, the observations of C. L. 
Pirani and 8. M. Levenson (Proc. Soc. Exp. 
Biol. Med. 82, 95 (1953)) on the effect of 
ascorbic acid deficiency on healed wounds 
may be recalled. When young adult guinea 
pigs with abdominal wounds which had 
healed under normal conditions for six 
weeks were placed on an ascorbic acid-free 
diet for about three and a half weeks, 
severe changes were observed in the scar 
tissue area. The epidermis of the wound 
was not affected, but the underlying con- 
nective tissue showed distinct changes. 
These changes varied in severity among 
the animals and paralleled the severity of 
scurvy as judged by the gross and micro- 
scopic lesions of bones and joints. The 
changes were limited to the immediate 
wound area. The connective tissue appeared 
loose and was much more cellular than that 
of the pair-fed and ad libitum-fed controls. 
A large number of fibroblasts, immature 
mesenchymal cells and a few fibrocytes were 
present. In no case did the collagen fibers 
stain brilliant red with van Gieson’s technic 
as does mature collagen; the color, instead, 
varied from pale red to pink and, in a few 
animals, to either a diffuse or patchy yellow- 
pink color. Reticulum was present in 
much greater amounts than in the controls. 
The degree of metachromasia, as judged by 
the toluidine blue stain, was markedly 
increased when compared to that of the 
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controls. Pirani and Levenson felt that this 
may have been due to an enhanced re- 
activity to toluidine blue rather than to 
an increased amount of mucopolysac- 
charides, possibly on the basis of depoly- 
merization of the ground substance (Nuw- 
trition Reviews, loc. cit.). No quantitative 
chemical measurements of mucopolysac- 
charides were made by them, however. 

Dunphy and Udupa also mention briefly 
some observations they have made on 
wound healing in rats fed a nonprotein diet 
for a period of five days preoperatively and 
during the postoperative period. They 
noted a prolongation of the mucopolysac- 
charide production phase as compared 
with the normal situation, but with peak 
levels below normal. Collagen was not found 
in the rats on the protein-deficient diet until 
the seventh or eighth day and progressed 
more slowly than normal. This abnormal! 
histochemical and chemical sequence oi 
wound: healing was shifted towards normal 
when methionine was added to the diet 
(Nutrition Reviews 6, 274 (1948); 11, 124 
(1953); 18, 218 (1955)). 

Further studies of wound healing in 
scorbutic and _ protein-deficient animals 
should prove stimulating. Application of 
additional histochemical, chemical and phys- 


icochemical technics to the problem of 


wound healing ought to be rewarding. 


NUTRITIONAL REQUIREMENTS OF MAMMALIAN CELLS IN TISSUE CULTURE 


A continuing effort is being made to define 
the nutritional requirements of mammalian 
cells in tissue culture. Progress in this field 
has been discussed several times (Nutrition 
Reviews 5, 189 (1947); 7, 8 (1949); 8, 181 
(1950)). During the past year significant 
advances in this field have appeared from 
the laboratory of H. Eagle of the National 
Institutes of Health. 

The amino acid requirements of a strain 
of mouse fibroblasts have been defined in a 


\ 
simple experimental system (H. Eagle, 
J. Biol. Chem. 214, 839 (1955); Nutrition 
Reviews 18, 344 (1955)). A basal medium 
was prepared which was composed of syn- 
thetic amino acids and vitamins supple- 
mented with from 0.25 to 2 per cent dialyzed 
horse serum. Arginine, cysteine (cystine), 
histidine, isoleucine, leucine, lysine, methio- 
nine, phenylalanine, threonine, tryptophan 
and tyrosine were essential for growth. 
In the absence of one of these amino acids 
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degenerative changes in the appearance of 
the cells developed in one to three days. 
If the missing amino acid was restored to the 
medium, normal cellular structure was 
regained in one to three days and multi- 
plication was re-established. Three of the 
amino acids required in tissue culture, 
namely, arginine, cystine and tyrosine, are 
not essential in the diets of the whole 
mouse. The author speculates whether this 
requirement is a consequence of the rapid 
rate of proliferation of these cells or whether 
these fibroblasts have unique nutritional 
needs. Assuming that the metabolic re- 
quirements of these cells have not been 
altered by in vitro cultivation, the cells 
would be dependent on other tissues for a 
supply of these amino acids when the 
mouse is fed a minimal synthetic diet. 

Alanine, aspartic acid, glutamic acid, 
glycine, hydroxyproline, proline and serine 
were not found to be essential for normal 
cell growth in the medium. Arguments are 
presented which would make it seem very 
unlikely that the nutritional requirements 
for one or more of these amino acids were 
being satisfied by the small amount of 
serum protein which must be added to the 
medium. 

Growth response titrations were per- 
formed with each of the required amino 
acids. Growth fell off rapidly below the 
optimal concentration for each amino acid. 
There was a twenty-fold difference in the 
optimal molar concentration for each 
amino acid. In the case of tryptophan only 
().005 micromoles per milliliter were needed 
whereas 0.1 to 0.2 micromoles per milliliter 
of isoleucine were required. Inhibition of 
growth was observed with supraoptimal 
concentrations of tryptophan and methio- 
nine. 

Substituting the p-isomer for the L-form 
of the essential amino acid did not sustain 
growth. When both isomers were given 
simultaneously growth continued unabated. 

The same experimental approach has been 
applied in a study of the amino acid require- 
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ments of human carcinoma cells of the HeLa 
strain (H. Eagle, J. Exp. Med. 102, 37 
(1955)). The amino acids needed by these 
human cells were identical to those needed 
by the mouse fibroblasts. In general the 
quantitative requirement for the HeLa cells 
was about twice that for the mouse fibro- 
blasts. A comparison of the amino acid 
content of mouse and human plasma with 
that found necessary in tissue culture 
would suggest that ample quantities are 
present, with the possible exception of 
arginine and isoleucine. It would appear 
that availability of amino acids is not a 
growth-limiting factor in vivo. 

The vitamin requirements of the mouse 
fibroblasts and the human HeLa cells are 
the subject of another report (H. Eagle, 
J. Exp. Med. 102, 595 (1955)). Cultivation 
of the cells for a period of five to fifteen 
days was necessary before evidences of 
specific vitamin deficiencies became manifest. 
The omission of choline, folacin, niacin- 
amide, pantothenic acid, pyridoxal, ribo- 
flavine and thiamine from the basal medium 
was followed by cessation of growth and 
morphologic changes. The addition of the 
missing vitamin would restore 
morphology and growth. Under the condi- 
tions of the study it was not possible to 
demonstrate a requirement for 
tocopherol, vitamins A, D, or K, inositol, 
or lipoic acid. It is possible that a require- 
ment for one or more of these factors could 
be demonstrated by longer cultivation and 
it is also possible that the dialyzed serum 
protein might contain enough bound sub- 
stances to maintain growth. 

The quantitative requirements to main- 
tain maximal growth for each of the ‘“‘essen- 
tial’? vitamins were studied. Between 10~° 
and 10-* g. per milliliter of each vitamin was 
optimal. 

The contributions of Eagle provide basic 
information which will be useful in perfecting 
tissue culture mediums for the isolation and 
propagation of viruses in mammalian cells. 


normal 


biotin, 
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They are also of interest to nutritionists 
because the possibility of defining the nu- 
tritional requirements of different types of 
cells represents a fertile field for research. 
One unexplored phase of this problem is 
of potential importance. Eagle, as have 
other workers, has been forced to add small 


PRODUCTION OF CALCIUM 


A number of authors have ascribed an 
important role to the citrate ion in urine in 
maintaining calcium ions in solution in the 
urine and in preventing formation of 
urinary calculi. It is of interest, therefore, 
that calcium citrate calculi may be formed 
in rats ingesting certain diets. H. Schneider 
and H. Steenbock (J. Urology 43, 339 (1940)) 
produced such calculi in rats with diets low 
in phosphorus (0.04 per cent) but adequate 
in calcium and other constituents. Calculi 
appeared in the urinary tract in from seven 
to twenty weeks of dietary treatment. 
Chemical analysis of the stones indicated 
that they were composed almost exclusively 
of calcium citrate. Further work by P. G. 
Morris and Steenbock (Am. J. Physiol. 
167, 698 (1951)) indicated that calculi 
formed more readily on a low phosphorus 
diet when additional alkali was included in 
the diet, but in such circumstances the cal- 
cull were largely of calcium 
carbonate. 


composed 


The changes in calcium metabolism in- 
duced by low phosphorus diets have been 
made the subject of a recent investigation 
by R. H. Sager and B. Spargo (Metabolism 
4, 519 (1955)). These authors have placed 
rats on protein restriction until 25 per cent 
of their body weight was lost because the 
rate at which urinary calculi could be 
produced was greatly increased when the 
rats subsequently placed low- 
phosphorus, low-protein diets. The experi- 
mental diets contained 0.03 per cent phos- 


were on 


phorus, which was one-tenth the phosphorus 
present in the control diet, on which diet 
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amounts of dialyzed serum proteins to his 
purified mediums to maintain cell growth, 
It would appear unlikely that this protein 
furnishes needed amino acids. It is tempting 
to consider that this may be the first evi- 
dence for a nutritionally significant com- 
pound. 


CITRATE CALCULI IN RATS 


rats developed no calculi. Calculi appeared 
within three weeks in many of the experi- 
mental animals and were generally found 
first in the urinary bladder and later in the 
rest of the urinary tract. The substitution 
of amino acids for the dietary protein 
fibrin did not alter the incidence of citrate 
valculi. As the rats were nearly full-grown 
when studied, no rickets was observed in 
the bones during the experimental period 
on the low phosphorus diet. On the low 
phosphorus regimens the rats exhibited 
lassitude and muscular weakness as early 
as the sixth day. Weakness was most marked 
in the legs and soon impaired walking. Fecal 
and urinary soiling also were noted. 

Changes in the metabolism of calcium 
were induced by the low phosphorus diet. 
Fecal calcium fell during the period of 
study and urinary calcium rose, indicating 
that an increased rate of absorption of 
calcium from the intestine had occurred. This 
view is supported by a remarkable rise in 
the serum calcium level which reached as 
high as 29 mg. per cent. This rise in serum 
calcium could be attributed *in part to a 
rise in serum citrate. Urinary citrate excre- 
tion increased on the low phosphorus diets 
and paralleled the increase in urinary cal- 
cium. 

From the published data it is evident that 
disturbances in several processes combine 
to produce urinary calcium citrate calculi 
on low phosphorus diets. The low phosphate 
content of the intestine is associated with 
increased calcium absorption, explaining 
the hypercalciuria. The increased calcium in 
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the urine presents the kidney with an excess 
of cations for excretion. From the work of 
R. E. Cooke and co-workers (Am. J. Med. 
17, 180 (1954)) it appears that citrate 
excretion probably represents a renal mecha- 
nism to rid the body of excess cation without 
loss of fixed anion. The acceleration of 
calculi formation in rats depleted of protein 
remains unexplained. A depletion of plasma 
protein with less serum calcium bound to 
protein could be postulated in the protein- 
deficient rats. It is difficult to visualize how 
this could account for a sustained higher 
excretion of calcium. 


METABOLISM 


Two of the chief problems in the field of 
carotene metabolism are (1) the actual bio- 
chemical mechanism by which carotene is 
converted to vitamin A in the body and 
(2) the variation in utilization of caro- 
tenoids by different species. 

In studying the mechanism of carotene 
conversion, J. Glover and E. R. Redfearn 
(Biochem. J. 58, xv (1954)) administered 
beta-apo-8’-, beta-apo-10’-, and beta-apo- 
12’-carotenals (homologs of vitamin A 
aldehyde with longer side chains) to vita- 
min A-deficient rats. Subsequent analyses 
of the tissues revealed the presence of 
vitamin A, indicating that the animal re- 
moved carbon atoms from the end of the 
chain of the apo-carotenals until the vita- 
min A molecule was formed. The authors 
postulated that perhaps the oxidation of 
beta-carotene in tissues begins at the 
double bond adjacent to one of the beta- 
ionone rings and proceeds by beta-oxida- 
tion to the central carbon-carbon double 
bond, with the formation of vitamin A 
aldehyde. This is then reduced to the alcohol. 
Further oxidation along the chain would 
be prevented by the methyl group on the 
beta-carbon. 

The apo-carotenals have never been iso- 
lated from animal tissues. Glover and 
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The counterpart of this condition in man 
has not been recognized. Although small 
traces of citrate may be detected in many 
calcium calculi obtained from patients, it 
has never been found to be a major com- 
ponent. It should be pointed out that the 
presence of citrate would be overlooked by 
the commonly employed analytic schemes 
for urinary calculi and would be reported 
as oxalate. A low phosphorus diet containing 
normal amounts of calcium would not be a 
likely diet for a patient to select because 
of the ubiquity of dietary phosphate. 


OF CAROTENE 


Redfearn indicate that evidence for the 
existence of apo-carotenals in horse intestine 
has been obtained, and it is to be hoped that 
they will present this evidence in support 
of their theory. 

This interesting hypothesis is one of the 
few proposed mechanisms of carotene con- 
version supported by experimental evidence. 
According to this theory, only one molecule 
of vitamin A would be obtained from one 
molecule of carotene. It has been shown 
in the past, with the rat, that under opti- 
mum conditions carotene can be biologically 
equivalent to vitamin A on a weight basis, 
yielding, theoretically, two molecules of 
vitamin A (Nutrition Reviews 6, 281 (1948); 
9, 217 (1951)). However, deductions con- 
cerning the mechanism of carotene conver- 
sion based on bioassay studies are probably 
not valid because of differences between 
carotene and vitamin A in the rates of 
destruction and absorption in the intestine. 

In contrast to the many known antago- 
nists for the B-vitamins, no specific com- 
pounds have been found which inhibit or 
antagonize vitamin A or carotene in their 
biologic reactions. Although an antivitamin 
A compound prepared from vitamin A by 
the action of vanadium oxide was reported 
by P. Meunier, J. Jouanneteau, and R. Fer- 
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rando (see Nutrition Reviews 9, 140 (1951)), 
the absence of confirmatory reports by other 
workers in this field casts some doubt on 
the validity of this antimetabolite. 

It is of interest, then, that the report of 
P. Karrer and C. H. Eugster (Helvet. chim. 
acta 38, 1066 (1955)) on the biologic activity 
of synthetic p,L-alpha-carotene suggests 
that this compound is an antimetabolite 
to carotene utilization. In this bioassay 
study, with 15 vitamin A-deficient rats in 
each of two groups, the growth response to 
synthetic D,L-alpha-carotene was compared 
with that of natural p-alpha-carotene (beta- 
carotene was used as reference). In four 
weeks, the average weight increases from 
daily administration of 1.8 or 3.0 micro- 
grams of b-alpha-carotene were 53.3 and 
62.2 g., respectively. The responses to the 
same doses of pD,tL-alpha-carotene were 
only 26.0 and 27.9 g., respectively, with 
xerophthalmia and deaths occurring in 
both groups. 

The fact that the 3-microgram dose of p,L- 
alpha-carotene had less activity than the 1.8- 
microgram dose of p-alpha-carotene cannot 
be explained alone on the assumption that the 
L-isomer is inactive. It would appear that L- 
alpha-carotene acts antagonistically toward 
p-alpha-carotene. The authors speculate that 
the enzyme system which converts alpha- 
carotene into vitamin A is specific for the 
p-form, and is partly blocked by the t-form. 
Further studies should be carried out to de- 
termine if this is a true competitive inhibi- 
tion. 

The utilization of carotene by various spe- 
cies has been further clarified by 8. K. Kon, 
W. A. McGillivray, and 8. Y. Thompson 
(Brit. J. Nutrition 9, 244 (1955)). Using the 
technic of intravenous injection of aqueous 
dispersions of carotene, these workers have 
verified the reports of J. G. Bieri and C. J. 
Pollard and of D. C. Church et al. (see Nu- 
trition Reviews 13, 123 (1955)), that the rat 
and sheep, and in addition the rabbit, readily 
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convert carotene introduced directly into the 
blood stream, but that cattle do not. Of par- 
ticular interest was the finding by Kon et al. 
that solubilized vitamin A acetate injected 
intravenously into rats was hydrolyzed to 
the free alcohol and rapidly disappeared 
from the blood in two hours. Only a small 
fraction of the dose could be found in the 
body at this time. They suggested that the 
lungs may be important in the metabolism 
of circulating carotene and vitamin A since 
this tissue in calves and in rabbits was found 
to have appreciable concentrations of these 
substances. 

In an extension of previous. work, J. G. 
Bieri (Arch. Biochem. Biophys. 56, 90 (1955) 
found that chicks converted injected beta- 
carotene into vitamin A efficiently, but that 
the utilization of injected cryptoxanthine 
(beta-carotene with one alcohol group) was 
much less than that given by the oral route. 
Bieri suggested that if these carotenoids nor- 
mally enter the blood stream from the intes- 
tine without being converted to vitamin A, 
carotene would still be available to the 
bird whereas very little vitamin A acti- 
vity would be derived from the circulat- 
ing cryptoxanthine. This study also indi- 
cates that the chick, as well as the rabbit, 
can convert carotene to vitamin A in tis- 
sues other than the small intestine, as 
has been shown for the rat and sheep 
(Nutrition Reviews 13, 123 (1955)). In view 
of these results, any theories attempting 
to explain the differences among species 
in carotenoid metabolism must now also 
consider the fate of these substances in 
the circulation. 

It is to be hoped that further investiga- 
tions of the mechanism of carotene con- 
version to vitamin A will soon bring a solu- 
tion to this problem that has intrigued 
biochemists for over twenty-five 
Other aspects of carotene 
may then become clearer. 
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NOTES 


Mellanby Memorial 


The British Medical Bulletin for January 
1956 contains a series of excellent articles 
entitled Recent Research on Vitamins. 
This symposium of essays was planned by a 
committee of which Sir Edward Mellanby 
was Chairman; it has now taken the form 
of a Memorial Number to him. An intro- 
ductory appreciation by Sir Charles Haring- 
ton outlines some of Sir Edward’s contri- 
butions to the science of nutrition. This is 
followed by reviews of the following titles 
and authorship: 

The Work of the Accessory Food Factors 
Committee, by Dame Harriette Chick and 
Margaret Hume; Vitamins and the Pro- 
tection of the Liver, by C. H. Best, C. C. 
Lucas, and Jessie H. Ridout; Recent Work 
on B Vitamins in the Blood and Gastro- 
intestinal Tract, Especially in Relation to 


/ Human Disease, by L. J. Witts; Vitamins 
_ and the Nervous System, by H. M. Sinclair; 
| Vitamins and the Skin, by H. M. Sinclair; 


Recent Work on Vitamins: Bones, by W. I. 


| M. Holman and R. A. McCance; Vitamin 


Deficiency and Vision, by Antoinette 
Pirie; Effect of Excess Vitamin A on Or- 
ganized Tissues Cultivated in Vitro, by 
Honor B. Fell; Carotenoids and Vitamin A, 
by R. A. Morton and T. W. Goodwin; 
Vitamin E, by T. Moore; Interrelationships 
of Tryptophan, Nicotinic Acid and Other 
B Vitamins, by C. E. Dalgliesh; Vitamin 
Bi, by E. Lester Smith; Vitamin C, by 
Leslie J. Harris; Vitamins in Animal Nu- 
trition, by M. E. Coates, 8. K. Kon, and 
J. W. G. Porter; Antivitamins, Anti- 
metabolites and Chemotherapy, by Adrien 
Albert; Effect of Processing on the Vitamin 
Content of Foods, by L. W. Mapson; 
Vitamins in Nutrition: Orientations and 
Perspectives, by B.S. Platt. 


Vitamin Content of Turnip Green Plants 


The concentration and distribution of 
vitamins in and among plant organs, as the 
plant dry weight increases during growth, 


provide a basis for nutritional evaluation 
of such plant parts as food. These factors 
and the relationship between the total 
amount of vitamin per plant and the plant 
dry weight were reported in a regional 
study by R. Reder and G. V. Odell (Plant 
Physiol. 29, 131 (1954)). 

Three experiments with field-grown turnip 
green plants (Seven Top variety) provided 
data on well replicated plots during two 
seasons at two locations in Oklahoma. 
Sampling continued twice a week during 
six weeks. Leaf blades, midribs and roots 
were analyzed. The vitamins studied were 
carotene, ascorbic acid, riboflavin and 
thiamine. A striking consistency was ap- 
parent in the contents found in various 
organs from the two locations and during 
the three seasons (two springs and one fall). 
These values were thus relatively unaffected 
by the different environmental conditions 
encountered. Expressed as total amount of 
constituent in the plant, the leaf blades con- 
tained 66, 83, 84 and 96 per cent of ascorbic 
acid, riboflavin, thiamine and carotene, 
respectively. Corresponding figures for the 
midrib were 26, 12, 9 and 4, respectively, 
and for the root they were 9, 4 and 7 (no 
carotene in the root). Thus the values for 
blades of the leaves are considerably higher 
than those for the more fibrous midrib tis- 
sues and roots of these plants, which are 
low in these vitamins. 

During the sampling period, the concen- 
trations of ascorbic acid and thiamine re- 
mained relatively constant, while those of 
riboflavin and carotene decreased steadily 
with increasing age of the plants. Decrease 
in the amount of vitamins per gram of dry 
matter of whole plant during growth was 
largely the result of an increasing percentage 
of the total plant dry matter in midribs and 
roots. Equations were derived from the data 
to apply to Seven Top turnip greens, in the 
hope that they may be useful for such 
plants from various sources and perhaps 
also for other varieties. 





















The Renal Excretion of Inositol and 
Glucose 











Although it has long been observed that 
diabetic subjects excrete increased quanti- 
ties of inositol, no satisfactory explanation 
for the phenomenon has been found. To 
study the problem W. H. Daughaday and 
J. Larner (J. Clin. Invest. 33, 1075 (1954)) 
have measured the renal excretion of inositol 
in rats rendered diabetic, either by partial 
pancreatectomy, or after the administration 
of 45 to 60 mg. per kilogram of body weight 
of alloxan. Inositol was measured micro- 
biologically. Diets low, moderate and high 
in inositol were provided. Normal rats were 
found to excrete very little inositol even 
when large quantities were administered. 
In contrast were the depancreatized and 
alloxan-diabetic rats which excreted large 
quantities of inositol, except when insulin 
was given to control the diabetes, upon which 
the renal excretion of inositol fell to nearly 
normal levels. 

Induction of diuresis in diabetic rats re- 
ceiving insulin did not increase the urinary 
excretion of inositol although the water 
excretion was greatly increased. The intes- 
tinal absorption of inositol in the diabetic 
rats was nearly double the normal value, 
and after an inositol feeding there was a 
slightly higher blood level for inositol in the 
diabetic rats than in the normal animals. 
The latter was in spite of the increased 
urinary excretion. Finally, phlorizin not 
only caused glycosuria but decreased the 
tubular reabsorption of inositol as well, and 
hyperglycemia produced in normal rats by 
the intravenous infusion of glucose led to an 
increase in inositol clearance. 

These findings led the authors to conclude 
that the increased excretion of inositol in 
the urine of the diabetic rats was due to an 
increase in renal clearance induced by the 
glycosuria and it was considered that the 
“renal tubular mechanisms for the transport 
of glucose and inositol may be closely re- 
lated,” the glucose and inositol perhaps com- 
peting for the same tubular reabsorptive 
mechanism. 
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Improvements in Exchangeable Body 
Sodium and Potassium 
Determinations 


In a previous review methods were re- 
ported for measuring the exchangeable body 
sodium and potassium for the study of body 
content of these two substances and their 
relationship to other ions (Nutrition Reviews 
13, 41 (1955)). These methods involved the 
administration of radioactive sodium (Na”) 
and potassium (K**) and measurement of 
their dilution in the body tissues and excre- 
tion in the urine. An improvement in this 
method has been made by C. V. Robinson, 
W. L. Arons, and A. K. Solomon (J. Clin. 
Invest. 34, 134 (19565)). 

Previously, it had been necessary to 
separate the two ions by exchange chroma- 
tography. Using two different counters, 
and making use of the fact that potassium 
emits hard beta rays and sodium consider- 
able quantities of gamma rays, differential 
counting could be carried out on the same 
specimen of blood without prior separation 
of the two ions. The method has been 
carefully worked out, as have the expected 
errors, which are generally small (estimated 
as accumulated errors for sodium, 1.7 per 
cent, and potassium, 1.8 per cent). The 
method was in good agreement with that 
similarly proposed where the ions had been 
separated chromatographically. 

The improvement in the method should 
be welcomed by those interested in deter- 
mining body composition. 


Recent Nutrition Book 


Protein Malnutrition. Proceedings of a Con- 
ference in Jamaica (1953) sponsored 
jointly by the Food and Agriculture 
Organization of the United Nations 
(F.A.0.), World Health Organization 
(W.H.O.), Josiah Macy Jr. Foundation, 
New York. Edited by J. C. Waterlow. 
Printed at the University Press, Cam- 
bridge, England, for The Food and Agri- 
culture Organization, World Health Or- 
ganization, Josiah Macy Jr. Foundation, 
1955. Pp. 277 + 24 plates. 
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